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M B A V 
Tq pracq poswiqcam rcdzi.com moim. 
(This work is dedicated to my parents , ) 
" I think i t is f in ished - always spoken comparat ively, f o r in rea l i ty 
I shal l never think of my own work as f inished. " 
Vincent Van Gogh, 1S85, 
r e f e r r i n g to tlie painting of "The Potato 
Ea ters" in a le t ter to his brother , Theo. * 
Stone and Stone (1973, p 344). 
Plate 1 
C l i f f s of red siltstone supporting the thin plateau 
soils at St Ann's Head, Dale (804 031) 
ABSTRACT 
A study of so i l genesis in a smal l area of south-west Wales is 
presented. 
The s o i l - f o r m i n g factors are considered f i r s t in the context of 
t i m e . The evolution of the fac tors and the importance of past environ-
ments and conditions in affect ing tliese fac to rs , and hence less d i rec t ly 
the present-day so i l s , is emphasised. The s o i l - f o r m i n g factors are 
also examined in the spatial dimension. Two of these factors -
"topo-drainage" and "parent ma te r i a l " - are par t i cu la r ly important 
as determinants of so i l type and are plotted on the Pedogenetic Map. 
The Pedogenetic Map is a map of the s o i l - f o r m i n g environm.ent 
and not of soils as such. Its relationship to the soils of the study area 
is discussed, however. Soil types are also described according to the 
new c lass i f i ca t ion (Avery , 1973) of the Soil Survey of England and Wales, 
and selected propert ies are examined. 
The second par t of the thesis concerns i t se l f pr inc ipa l ly wi th the 
so i l sand f r a c t i o n . 
The l i tho logica l composit ion of the sand f r a c t i o n is investigated, 
and i t is shown that the coarsest sand f r ac t i on (2,000>jm - 1,200pm) 
can be used as an indicator of the provenance of the soi l "parent 
m a t e r i a l " . Contamination of f i ne r sand f ract ions is also encountered 
and this is pursued in the analysis of detailed size distr ibutions of the 
so i l sand f rac t ions . These studies also suggest a mechanism of 
weathering by surface granular disaggregation of sand-sized red s i l t -
stone f ragments in the soi ls . Addit ional evidence is given f o r this 
mechanism f r o m scanning e lect ron microscopy, followed by a b r i e f 
discussion of the theory of g r a in size dis t r ibut ions . 
F i n a l l y , the d i f f e r e n t sources of in format ion are drawn 
together i n an attempt to ef fec t a reconstr t ict ion of the environment that 
has influenced so i l genesis in the area. 
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Most of so i l research Is concerned either Vv ' i th the compilat ion 
of a so i l map w i t h a l l i t s attendant problems of so i l c lass i f icat ion and 
mapping, or w i th the analysis of par t icu lar soi l properties i n a sLiidy 
of genesis; very often the f o r m e r is a pre-requis i te to tlie la t te r . 
Cu r r en t l y , w i th the increasing use of computers , various attempts 
are being made to m a r r y the two objectives. An unfortunate conse-
quence is that selected parameters become r i g i d l y defined and 
accepted, p r inc ipa l ly f o r ease of manipulation. I t is the autlior 's con-
tention that too l i t t l e is knovm about many soi l propert ies and that more 
at tention should be directed to e m p i r i c a l studies. 
L i t t l e is known, i n pa r t i cu la r , about the so i l sand f r ac t i on - a 
par t i c le size range ra ther neglected in comparison wi th the clay, or 
even s i l t , f r ac t ions . Often describe d as an " iner t soi l skeleton", 
the sand grades act as a source of f i n e r soi l par t ic les as they are com-
monly not composed en t i r e ly of quartz (Stewart, Adams and .'Vbdulla, 
1970), and they are also very valuable as provenance indicators f o r 
so i l mater ia ls (Blatt, 1967). The lack of interest i n the soi l sand 
f r a c t i o n is su rp r i s ing but is probably due, i n par t , to its per ipheral 
academic "status" f a l l i n g , as i t does, between the three "stools" of 
pedology, engineering geologj'-and sedimentolog}-. 
1.2 THESIS STRUCTURE 
The objective of the thesis is to investigate development of tlie 
soi ls i n a smal l area. The temporal element of the soi l continuum 
is considered f i r s t (Chapter 2) i n a necessarily deductive manner; 
the spat ial dimension (Chapter 3) is approached in a more inductive 
manner on the basis of evidence f r o m a i r photograph interpretat ion 
and f i e l d survey, and wi th reference to the Pedogenetic Map. Chapter 
4 describes the soi ls of the area, the i r relationship to tlie Pedogenetic 
Map and the i r general proper t ies , p rovid ing , in e f fec t , a survey base 
f o r more detailed studies. 
Succeeding work (Chapters 5 and 6) is directed towards an 
analysis of the so i l sand f r a c t i o n , considered to be the best genetic 
indicator in this case study. Samples are confined to comparable 
sub-areas. The l i tho log ica l composit ion of the soi l f r ac t ion is used 
(Chapter 5) to check the f i e l d c lass i f ica t ion of so i l mater ia l types, 
and an e m p i r i c a l c r i t e r i o n is der ived f o r dist inguishing between soils 
f o r m e d f r o m bedrock and other so i l s . Contamination of apparently 
"pure" soils (soils derived exclusively f r o m bedrock) is also inves-
t igated. 
Analysis of the size d i s t r ibu t ion of the sand f r ac t ion (Chapter 6) 
o f f e r s an insight into some of the fundamental m.echanisms involved in 
the weathering of red sil tstones. The o r ig in of the s i l t and clay 
f rac t ions is discussed in this context. 
F i n a l l y , the evidence f r o m a l l these sources is employed to 
e f fec t a reconstruct ion of the pedogenic environm.ent, both past and 
present (Chapter 7). 
1.3 THE STUDY AREA 
1.3.1 General. 
The study area extends over the central of the three peninsulas 
of south-west Dyfed (formerly Pembrokeshire) and is generally known 
as the Marloes (or Dale) Peninsula, although this latter term, is also 
sometimes applied to the smaller peninsula occupied by Dale parish 
(Fig la) . The area is bounded to the east by drainage lines which also 
define parish boundaries, and ends in sheer c l i f fs along much of the 
2 
coast-line (see Frontispiece). A surface of approximately 50km is 
thus demarcated. The island of Skomer, lying to the west, is not 
included, but Gateholm island is. 
In terms of agriculture, the study area coincides exactly with 
the Dale Peninsula "Land Use Region" described by Davies (1939, 
pp 154- 155). I t is the unusual climate of the area which warrants 
this distinction (see sectionl.3.3). Both soils and climate combine 
to make this region very attractive for growing "early potatoes" 
(Rudeforth, 1971), although beef cattle are also kept, necessitating 
some growing of feeding stuffs; some horticulture has also been practised 
(Dresser, 1959). A survey of the land use of west and central 
Pembrokeshire is the most recent detailed source of information 
(Rudeforth and Bradley, 1972). 
The study area is located entirely within the Pembrokeshire Coast 
National Park and offers facilities for sailing and sub-aqua diving. It 
G a n 
is also of great interest to naturalists, with bird sanctuaries in the 
nearby Skomer and Skokholm islands. The importance of the coastal 
scenery for tourism has been recognised in the recent designation in 
South Wales of "Heritage Coasts", including the entire coastal peri-
meter of the stLidy area (Hughes, 1976).. 
The particular topography and weather of south-west 
Pembrokeshire was, in addition to strategic considerations, especially 
well suited for the location of airfields in the Second World War 
(Thomas, 1956), Two of these were constructed in the study area 
(see Fig la) and have yet to be returned ful ly to agriculture. Not 
only are they taking up valuable agricultural land, but they are un-
sightly and undesirable in a National Park (Price, 1973). 
1.3.2 Geology 
The rocks in the study area span the geological succession f rom 
the Ordovician to the Devonian Periods, Vv'ith the Carboniferous rep-
resented just beyond the northern m.argin (Fig lb ; see also Table 2(i)). 
In detail, the geology of the area is complex as a result of dense 
faulting that has been obscured by superficial material. 
Geological investigations of tiie region are few in number, and 
the only complete survey of the whole study area is that of Cantrill 
et al (1916). Subsequent research has been carried out by Thomas 
(1911), Ziegler et al (1969), Horbaczewski (1971), Sanzen-Baker (1972), 
and Allen (1974). As a result of these additional studies, the strati-
graphic sequence has been revised, with the Skomer Volcanic Series 









the geological column (Ziegieret a l , 1969; Horbaczewski, 1971). 
In general terms, tiie geological succession in the study area 
'youngs" southwards owing to a regional dip of about 20° to the south. 
In places, however, strata may be vertical due to faulting. The 
shape of the study area is also partly explained by this faulting which has 
progressively downthrown v^estwards and given rise to headlands of 
resistant volcanic rock and bays of eroded sediments. Tlie faulting 
is , in fact, a manifestation of much larger-scale structural features 
described by Sanzen-Baker (1972). 
Details of lithologies and geological evolution are given in the 
next chapter (section 2.2). 
1.3.3 Qimate 
An exhaustive analysis of the climate of Dale parish has been 
provided by Oliver (1959), while the regional precipitation patterns in 
south Wales have been investigated by Faulkner and Perry (1974). 
In essence, the study area is distinguished by the mildness of 
its climate and by its relatively low rainfall due respectively to the 
proximity of the sea - no further than 3kms f rom any part of the study 
area - and to its unobstructed exposure to the Atlantic Ocean. 
Te mperature 
The moderating effect of the sea on air temperatures is appar-
ent when the data for the Dale Peninsula are compared with those for 
Haverfordwest (Table l ( i ) ) . Temperature ranges on the coast are 
reduced on both diurnal and annual scales. (In this connection it is 
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ised relative to the hinterland since the Flandrian return of the sea 
to its present level.) There is a considerable difference between . 
the two stations in the minimum temperatures which are higher than 
inland at a l l times of the year but especially so in the v>'inter months. 
As far as plant growth is concerned, the threshold temperature 
(taken as 6- 0°C) is exceeded by the mean m.onthly average at Dale 
Fort i n a l l months except February, so tliat the growing season 
extends almost the whole year (Oliver, 1959), whereas it is reduced 
to about 320 days further inland around Haverfordwest (Rudeforth, 
1974, p 11), 
Perhaps of more importance to "early potato" growers is the incidence 
of f rost . Around Haverfordwest, frost is likely until the third week of 
A p r i l , and in exceptional years can occur even in the second half of 
May (Pudeforth, 1974, p 11). Nearer the coast, air frosts are relatively 
few (Oliver, 1959), and are practically unknown west of Orlandon and 
the Gann Valley (Davies, 1939, p 155). 
Wind 
Exposure to wind is possibly the l imit ing climatic factor to arable 
farming in the study area, often causing salt scorch f rom sea spray and 
lodging of cereals. Oliver (1960) has shown that tlie dominant wind 
direction is f r o m the west and south-west : i t is sufficiently powerful and 
consistent to deform trees and shrubs. The severest gusts in winter 
are usually f rom this direction and are liable to have gusts of 90 to 
100 mph (Thomas, 1956). 
Rainfall 
A. steep gradient exists in the annual raixifail f rom the study area 
10 
further inland (Fig Ic ) , lending some credibilit}' to the local axiom 
that there is an increase of an inch of rainfall per mile benveen 
Marloes and Haverfordwest. Faulkner and Perry (1974) stress the 
importance of topography and shelter on precipitation patterns in 
south Wales. The study area, as noted earlier by Oliver (1959), is 
shown to be particularly sheltered and has lower annual precipitation 
totals than the eastern shores of Carmarthen Bay or Swansea Bay. 
Regardless of the weather type, precipitation in the study area 
is much lower than at sites further inland (Faulkner and Perry, 1974). 
The south-westerly types with moist maritime tropical air does not . 
shed its load t i l l i t reaches higher ground; the westerlies likewise 
reveal much higher falls over higher ground to the east; easterly 
types emphasise the sheltering effect of the uplands on the west coast, 
while north-westerlies may be moderated by Ireland. Longest spells 
of shower}'' weatlier appear to be associated with south-v.'est to 
westerly polar airstreams circulating around deep polar-air or well-
occluded depressions showing li t t le movement over the sea areas to 
the west of Ireland (Thomas, 1956). 
However, much of the rainfall in the study area is distributed 
in small showers. The frequency of heavy daily precipitation (greater 
than 25 mms) at Dale Fort over the 1956-61 period, for example, was 
less than one-fifth of the nuinber recorded at Blyntrawe, Brecknock, South 
Powys (Faulkner and Perry, 1974), 
The combination of a relatively mild climate and low rainfall in 
the study area would suggest the frequent occurrence of soil moisture 
deficits in the drier summer months, Rudefortli and Bradley (1972, 
11 
Fig Ic 
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p 2) report deficits of 75 mm (3 inches) or more as often as eight 
years in ten for such an area. The average monthly distribution of 
rainfal l over the period of 1916-1950 and an estimate of the soil 
moistiare regime at sites near Milford Haven is given (Fig Id), In 
drier years, soil moisture deficits may occur early, and irrigation 
is then recommended to increase early potato yields (Rudeforth, 
1974, p 13), 
I t should be stressed, however, that climatic conditions are so 
variable in such coastal situations, particularly with respect to 
humidity, that detailed local studies are necessary before the magni-
tude and extent of soil moisture deficits can be accurately evaluated 
(Oliver, 1959). 
1.4 PREVIOUS WORK 
Some of the earliest, indirect references to the soils of 
Pembrokeshire are to be found in the sixteenth-century "Description 
of Pemrokeshire" by George Owen of Henllys (Owen, 1892); 
distinctions are drawn between different types of land and how they 
should be managed for maximum profi t . 
The f i r s t specific classification of Pembrokeshire soils, 
however, is to be found in Hassall's (1794) - "General View of the 
Agriculture of the County of Pembroke". Four classes of soil were 
recognised (pp 8-10) :-
"The f i r s t (class) is the strong red loam, with a sub-
stratum of red rock, or what is here provincially called 
Rabb. This red rabb, when thrown UD and exnosed for 
14 
some time to the sun and air , becomes friable, and 
breaks down to a saponaceous substance . . . . The 
general thickness of the red loamy soil, is f rom 6 to 
14 inches. Average about 10 inches. 
The next soil in value, is the grey loam, composed of 
a mixture of sand and brick earth, with a sub-stratum 
of brown and blue rock or rabb. Of this soil , the 
largest portion of Pemrokeshire consists . . . . This 
soil is generally f rom 6 to 12 inches thick. In some 
parts of the distr ict , this kind of soil is found upon a 
clay bottom. 
The next (tliird) class is a light peaty soil , upon a clay 
bottom; and justly deemed the worst of a l l . The lands 
of this class are generally Vv'et and cold; and in their 
natural state, very unproductive . . . . 
The fourth class is the peat, which abounds in the 
mountainous parts of the county . . . . " 
The f i r s t class clearly refers to the ranker soils derived f rom 
Devonian red siltstones (st i l l called red rabb locally), corresponding 
almost exactly with the present-day criteria (section 4.4). 
Results of the Soil Survey of Wales began to be published f rom 
1925 onwards, but no detailed work was undertaken in the study area 
(Ball, 1959). Robinson (1935) provides a comprehensive classification 
of Welsh soils based on profile morphologj'- and laboratory analysis. 
The red siltstone soils are briefly mentioned (p 266):-
"With the skeletal soils one may venture to group certain 
soils which appear to be pedologically undeveloped, but 
which, f rom the agricultural standpoint, are definitely 
soils. Such soils occur associated with Old Red 
Sandstone and Triassic Marls. " 
This classification and guide to the soils of Wales did not include 
a soil map, however. 
Rudeforth and Bradley (1972) covered the study area, describing 
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soil profiles and sampling on a 1km grid basis, in the course of a 
broader survey on the "Soils, Land Classification and Land Use of 
West and Central Pembrokeshire", Point distribution maps of Soil 
Groups, Land Use Capabilitj'- Qasses, Land Use Capability Subclasses 
and Land Use were included with this publication, and the information 
gathered is being used in the preparation of the new series of Soil 
Survey Records. 
To date, two such surveys have appeared in print : one covers a 
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100km block near Carmarthen (Clayden and Evans, 1974), and the 
other comprises two such blocks and extends f rom Haverfordwest to 
Pembroke (Rudeforth, 1974). This latter area is separated by a 
zone about 5kms wide f r o m the study area. As yet, the study area has 
not been investigated by the Soil Survey. 
The Soil Survey Records are essentially concerned with the 
compilation of a soil map (in these cases at a scale of 1:25,000) and 
a description of the soils; land use and capability assessments are 
also included. Very l i t t le consideration is given to soil genesis and 
therefore these publications, though of considerable general interest, 
have proved to be of limited use in this study. 
1.5 CONCEPTS 
(i) Factorial Concept 
Possibly the key concept in pedological theory is the concept of 
the "soil-forming factors" formalised by Jenny (1941) f rom the body 
of thought that had \ieveloped f rom the initial ideas generally accredited 
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to Dokuchaiev (Basinski, 1959). Five factors were defined:- Parent 
Material, Topography, Qim.ate, Time, and the "Biotic" or "Organic" 
Factor 0enny, 1941). A sixth factor, acknowledging Man as an 
influence on soil-formation, has been recommended for cultivated 
soils (Bidwell and Hole, 1965; Yaalon and Yaron, 1966). 
Since its publication, Jenny's treatise lias been subject to much 
cr i t ic i sm and discussion including Na i fo ro f f (1942), Crocker (1952), 
Bunting (1967). 
Recent reviews are provided by Birkeland (1974), Yaalon (1975). 
The genius of the concept lies in the analytical perspective i t 
offers to the study of soil genesis. By selecting areas where only one 
factor varies and all the others are constant, nature can be consciously 
used as "a laboratory" and the variations in soil morphology and prop-
erties can be related to the variable factor. 
One of the weaknesses is tliat, despite the mathematical notation 
(Jenny, 1961), the "factor equation" Is diff icult or even impossible to 
solve (Yaalon, 1975). 
Moreover, the concept does not help at al l in the elucidation of 
tlie fundamental mechanisms involved in pedogenesis - it may, at best, 
give an indication of the kind of processes in operation. In fact, the 
factors are composed of components, and these have to be resolved 
into the fundamental variables (defined by parameters) that operate 
in particular soil systems for more detailed studies, and in many 
cases these parameters w i l l not be measurable for technical reasons. 
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(ii) Concepts of V/eathering and Soil-for mat ion 
One of the principal problems in differentiating between weathering 
and soil-formation is that both processes are often operating simul-
taneously and over a similar depth in tiie earth's crust. Weathering 
profiles can be obsei-ved well below the surface soil horizons under 
tropical conditions (Oilier, 1969, pp 120-134), but the two are usually 
coincident in temperate climates. 
Nikiforoff (1949) describes the mode of action of weathering as 
"rectilinear" and that of soil-formation as "cyclical". (Otlier terms 
have been used, such as "nan-down" or "irreversible" for the former, 
and "steady-state" or "equilibrium" for the lat ter . ) Thus tlie dis-
integration and decomposition of rocks and minerals is non-reversible 
and qualifies as weathering, while the recycling of nutrients or organic 
matter by various agents of the "biotic" factor is called soil-
f ormation:-
" A l l cyclic processes of soil formation are kept in 
motion by the living matter which controls migration 
of the elements and energy that are involved in these 
processes. This is the principal determining charac-
teristic of a l l strictly pedogenic processes. The dynam-
ics of weathering depend upon the climate; the dynamics 
of soil formation, upon the organic world. " 
(Nikiforoff, 1949, p 227) 
( i l l ) Concept of Cumulative and Non-Cumulative Soils 
The simple distinction between weathering and soil-formation 
processes is somewhat obscured by the action of the geomorphic 
processes of erosion and sedimentation. These interfere with weatlier-
ing by removing only partly weathered material and exposing fresh 
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surfaces. Were i t not so, then the surface of the earth "would be 
wrapped in a lifeless mantle thoroughiy deprived of the unstable 
minerals, composed entirely of those most resistant to any further 
changes, and, hence, essentially, static" (Ni.kiforoff, 1949, p 222). 
As far as soil-formation is concerned, the geomorphic pro-
cesses cause erosion or burial of the surface soil horizons. The 
designation of soils as cumulative or non-cumulative (Nikiforoff, 
1949) serves to distinguish the soils that are built up f rom above by 
sedimientation f r o m tlie soils that are developed f rom underlying 
material as a result of surface erosion. The soil horizons migrate 
in response to these changes in the position of tlie soils surface as 
"each soil horizon develops at a certain depth, at which its parent 
material is continuously affected by some specific process tliat is peculiar 
to such a horizon. As soon as this process ceases to operate in any 
part of the horizon, this part loses its individual characteristics and, 
figuratively, dies off . becoming subject to remaking into a different 
horizon." (Nikiforoff, 1949, p 228). 
(iv) Concepts of "Steady State" and "Periodic" Phenomena in 
Soil-Landscape Systems 
Steady state soils have been defined as "those that are in equili-
br ium with their conditions, especially topographic conditions, and 
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although not inert they retain the sam.e morphol^" (Oilier, 1969, page 
167). Thus, besides the steady state conditions operating within 
the soil profile vnth respect to processes of soil-formation (see 
Concept ( i i ) ) , steady state conditions can also prevail in the relation-
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ship between soils and slopes (see concept (iii)), and occur when the 
rate of addition equals the rate of removal of material on the differ-
ent slope elements. 
In contrast, periodic soils are thought to. result from catstrophic 
events (Butler, 1959; Curtis, 1975). Rapid erosion or deposition 
affects the entire soil profile during an "active" phase which is then 
followed by a more stable phasa Oilier (1969, pp 169-170) points out, 
however, that periodic phenomena are still little understood and sug-
gests tliat soil-formation and weatliering are continuous, but that 
erosion and deposition are periodic at any one place. 
(v) Concept of Weathering Intensit}^Leaching Intensity in Pedogenesis 
Crompton (1960), in a development of work on the variability in 
mobility of soil chemical constituents (Polynov, 1937), suggested that 
weathering and leaching should be regarded as separate processes, and 
that the differentiation of the main soil profiles of the world can be 
broadly explained in terms of the weathering/leaching ratio. 
As such the concept is process-oriented, as for example 
Simonson's (1959) theory of soil genesis, and appeals as a more rig-
orous and quantifiable proposition than Jenny's (1941) factorial concept. 
However, it implies that soil-formation is, to a large degree, a 
function of leaching. While the interaction of weathering and leaching 
is of considerable importance in soil genesis, it should be recognised 
that the soil is more than just a mineralcgical/chemical system, and 
that a powerful homogenising and recycling counteraction is exerted by 
the "biotic" agents. 
20 
CHAPTER 2 
HISTORY OF THE SOIL-FORIv/n;NG FACTORS AND 
THE EVOLUTION OF THE SOIL 
2. 1 INTRODUCTION 
Soil 15 commonly described as a "continuum in space and 
time"; the implication being tliat a strong influence is exerted on the 
appearance and properties of a soil by factors that were operating in 
the past as well as those acting at present. The concepts of a 
"historical hangover" and "dynamic equilibrium" associated Vv'ith 
the development of slopes (Cliorley, 1964) apply equally well in pedo-
genesis. 
Attractive though it may sound, the concept of a temporal con-
tinuum needs to be modified to accommodate the "catastrophic" or 
"periodic" phenomena in soil formation reported by Butler (1959), 
and Curtis (1975). In truth, the question is one of scale; some 
processes requiring much more time than others (Yaalon, 1971). 
It should also be recognised that, on broader time scales, 
pedogenesis (in this case including weathering and soil-formation) 
is a cyclic process embodied in even greater geological and geomor- . 
phological cycles (Nikiforoff, 1949). Therefore, time, like space, 
can be used as a framework for the evaluation of the environmental 
or "active" (Duchaufour, 1960, p 153) factors involved in weather-
ing and soil formation:-
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"Time and space are elements of the essence of being 
but not factors in any particular form, of being. Every 
material object occupies a certain space, but its 
existence is not caused by the space. Every change 
takes a certain time, but, again, it is not caused by 
mere passing of time. " 
(Nikiforoff, 1959, p 192) 
2.2 GEOLOGICAL EVOLUTION 
Where soils are derived from bedrock, some of tlieir funda-
mental properties - such as textxire, mineralogy and, to a certain 
extent, chemistry - are inJierited with little change. These litholo-
gical properties have been, in turn, strongly controlled by the original 
environment of formation and subsequent geological history. A con-
sideration of tlie geological evolution can be helpful in predicting the 
potential variability of these soil properties. 
Essentially, the sedimentary sequence of the study area repres-
ents a land-mass emerging from, seas which gradually became more 
shallow (see Table 2(i)). The Skomer Volcanic Series is evidence of 
an episode of volcanicity in shallow seas (Ziegler et al, 1969)., 
associated perhaps with the subduction of the lithosphere in an "island 
arc" situation (Fitton and Hughes, 1970; Sanzen-Baker, 1972). 
Shallow-marine and eventually brackish-water conditions are indic-
ated by the fossil communities in the succeeding Silurian sediments 
(Ziegler et al, 1969), while the onset of truly terrestrial conditions 
is represented by the red-coloured Devonian strata. 
In terms of areal extent, it is these latter which constitute the 
most im.portant geological formation in the study area (approximately 
TABLE 2(i) 
Geological Histoiy of the Study Area 
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PERIOD LITHOLOGY ENVIRONMENT OF 
DEPOSITION 
TERTIARY M a r i n e P l a n a t i o n 
TERTIARY A l p i n e T e c t o n i c M o v e m e n t s 
DEVONIAN/ 
CARBONIFEROUS H e r c y n i a n T e c t o n i c M o v e m e n t s 
DEVONIAN Red siltstones, sand- Terrestrial floodplain. 
stones and corjgiomerates Braided river and allu-
vial flats 
Yellowish-grey siltstonss/ Shallow marine/ 
sandstones deltaic 
Coralliferous shales/ Shallow marine 
SILURIAN siltstones 
Small Unconformity 
Fossiliferous shales/ Shallow marine 
siltstones 
Series of lavas and thin Terrestrial and . 
sediments (Skomer sliallow marine 
Volcanic Series) 
ORDOVICIAN Nature of Contact Unknown 
Black shales with limy ? moderately deep 
bands geosynclinal sediments 
Sources (varied) include : Cantrill et al (1916); Ziegier et a_l (1969); 
Horbaczewski (1971); Saixzen-Baker (1972) 
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60%). For this reason, and also because most of the detailed 
analyses of Chapters 5 and 6 are confined to soils overlying Devonian 
bedrock, special attention will be given to the geological evolution 
of tliis unit. 
The best interpretation to date of the palaeoenvironment of 
formation is that originally advanced by Alien (1963), The finirjg-
upwards cyclothems of the Lower Devonian Formation - the Red 
Marls Group - are taken to represent episodes of crevassing of 
rivers on a braided-river flood-plain, probably draining nortliwards 
in the Marloes area (Sanzen-Baker, 1972). Each cycle displays a 
transition upwards from channel deposits, through point bar deposits 
to flood-plain sediments. 
Thus each of the lithologies can be interpreted'as follows (Allen, 
1963):-
(i) S ilts tone / muds tone. These flat-bedded sediments are indi-
cative of sedimentation on a flood-plain„ They fine upwards, 
accordingly, sometimes from fine sandstone, but generally siltstone 
to much finer muds. Tliese latter may suggest the existence of mud-
flats and temporary lakes. Carbonate concretions (cornstones) are 
tliought to have formed in tlie uppermost layers under repeated 
dessication on the flood-plain. 
(ii) Sandstone. Generally spealcing, the sandstones represent 
material that was deposited fairly rapidly from, flood-waters and are, 
therefore, found in fan-shaped systems of braided distributaries 
opening from crevasses on to the flood-plain. ITiey may also record 
deposition on the banks and margins of channels, and on flats bet\veen 
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channels. 
( i i i ) Cross-bedded sandstones and conglomerates. By their 
texture and structure, these sediments indicate high energy environ-
ments and are therefore probably attributable to tlie lower parts of 
channel beds. 
The most extensive and least variable are the flood-plain 
deposits. The name "Red Marls" for the Lower Devonian of tlie 
area is derived from these sediments, although it is a misnomer 
as the requisite calcium carbonate is not always present. ''.Vhere it 
does occur, it is in the form of concretions which Allen (1973) 
ascribes to a pedogenic origin : they appear "to have formed under 
sub-humid to arid conditions from alluvial silts at times in association 
v;ith hitlierto unrecognised compressional fold structures probably 
expressing a type of patterned ground, " 
Examination of thin sections and hand specimens supports Allen's 
(1963) findings:-
"The rocks (siltstones) are typically cai'bonate-free and 
coloured red or, less comm.onJy, bright green. Only 
the coarser varieties are bedded internally,, being thinly 
striped with layers of very fine-grained sandstone and 
clean quartz silt. In thin sections tlie rocks sliow 
coarse quartz silt embedded with clastic mica in an 
abundant matrix of moderately birefringent clay min-
erals mingled witli iron ores. " 
Sandstones, particularly the finer-grained types, characteristic-
ally possess weak current-bedding and are generally lighter in colour 
than the siltstones, probably due to their lower clay content with 
which the iron pigmentation is associated. Some of the soft chlorite-
bearing sandstones have, in fact, a pale green colour. These 
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sediments are relatively thin and laterally impersistent so that they 
appear as lenticles or horizons within a broader succession of silt-
stones. 
Strongly current-bedded sandstones and conglomerates are 
even more restricted. Tliey range in grain size from coarse sand-
stones to gravel conglomerates, sometimes revealing a bi~modal 
grading (Allen, 1963). Bedding- units tend to be strongly cemented 
by quartz and are resistant to weatliering and erosion, projecting 
along the coastline and giving rise to very thin stony soils in the 
field. In tlie overall succession of lithologies, these sediments are 
not significant. 
Following tlie deposition of the Devonian sediments, the entire 
region was strongly affected by Hercynian tectonicit}^ This is evident 
both in the tight small-scale folding visible on air photographs in the 
bedrock underlying thin soils, and also from structural and strati-
graphical regional studies (Sanzen-Baker, 1972). 
The net effect has been to obscure entirely the original geometry 
of the sedimentary palaeoenvironment. However, the overall propor-
tions and local relationsliips between litholgical units still remain, 
as, indeed, do the properties acquired at that time by the sediments. 
2.3 EVOLUTION OF TOPOGRAPHY AND DRAINAGE 
The topography of South Wales can be described as a succession 
of stepped platforms ranging from 183 m (600') OD to sea level. 
They are considered to liave been formed in the late Tertiary as they 
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cut across Caledonian, Hercynian and even Alpine geological 
structures (George, 1970, p 122). Marine erosion has been invoked 
for such a marked regional planation (Burton, 1952; George, 1970), 
although there is no conclusive evidence. Brown (1960, p 103) 
indeed, is an advocate of subaerial erosion for a less distinct set 
of higher platforms ranging up to 610 m (2,000'). 
Within the study area, Burton (1952) has plotted platform rem-
nants at 90 m (295'), 73 m (240'), 58 m (140') and 23 m (75') as shown 
in Figure 2a. The occurrence of tliese surfaces at particular heiglits 
was interpreted by him as representing still-stands of sea level, 
with respect to an emerging land-mass, when thorough erosion could 
take place. 
Burton also argued that such a pulsatory emergence could explain 
the evolution of drainage in the area. Consequent streams were con-
sidered to have formed perpendicular to a contemporary coast-line 
and to have grown in the same fashion with the drop in relative sea 
level (Fig 2b). Control over drainage morphology had therefore 
been exercised by the position of successive coast-lines rather than 
by the geology. 
The arrangement of the plateau levels on a regional scale, v/ith 
the highest furthest inland, is consistent with such an explanation. In 
some cases. Burton claimed to have found the backslopes between 
successive platforms (indicated by tie -lines in Figure 2a), although 
these are far from, evident in the field. Nevertheless, though it 
remains unproven, Burton's (1952) thesis of pulsatory land emergence 






























By assuming a uniform (level) rise of the land-mass relative 
to sea level, Burton could use appropriate present-day contour in-
formation to reconstruct a former coast-line; and by progressing to 
lower levels, with greater exposure of land surface, he was able to 
trace the evolution of the drainage system. 
Tlie sequence of maps (Fig 2b) portrays the initiation and 
development of the drainage within tlie main block of the study area. 
Simple consequents prevailed in "58 m times", but there was some 
capture by Sandy Haven Pill in the following still-stand at 43 m. above 
present sea level, and a strong east-west drainage line Vv'as established 
by the Gann stream in "23 m times" by capture of the southvv'ard-
flowing neighbour. 
It should be noted that this map, showing a drainage pattern 
attributed to "23 m times", is misleading in so far as Burton has used 
a different criterion in determining the contemporary sea level. He 
interpreted this "platform" (Fig 2a) as an aggradational, rather than 
erosional, feature;. Thus the recession of the sea, interpreted by 
him as greater than at present, caused over-deepening of drainage 
channels, with subsequent aggradation on the rise of sea level. 
CertaiPily, local inundation was clearly responsible for the 
formation of the Milford Haven "ria" system, and this may be related 
to the growth and decline of the polar ice-caps during the Glacial 
period. However, it has also been shown that the 23 m platform at 
the bottom of the Gann Valley is a Kame Terrace (John, 1972) - a 
fluvio-glacial feature higiily dependent on local conditions for its 
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dimensions, rather than on sea level. 
Other effects of the glaciation have been negligible in altering 
tlie general drainage pattern. On the plateau surfaces, the thinly-
smeared glacial drif t has been eroded into patcliy t i l l sheets, with 
no major effects on the drainage morpliology. Some of the glacial 
material may have been eroded by slope-wash, particularly in the 
early post-Glacial before the establishment of a complete vegetation 
cover, and may be represented in tlie alluvial deposits occurring high 
up the courses of smaller streams (for example, P13 - see section 
6.2). 
In one place (see Plate 3) re-routing of a drainage channel 
can be attributed to glacial action, but widi the complete melting of 
tlie ice the stream has resumed its former course (see section 3,4). 
.Other drainage systems that have fallen into disuse include tlie chan-
nels evident in water-sorted glacial deposits, such as tliose entering 
ithe Karne Terrace in the Garji Valley. 
Much more subtle and problematical are tlie very fine drainage 
networks which do not carry surface drainage, but clearly hear a 
greater tliroughflow than surrounding soils. Tliese are integrated 
into the present-day drainage network and, at first sight, appear to be 
similar to the percolines described by Bunting (1961, 1964). Some 
. of these have been shown, however, to possess water-sorted sediments, 
and, hence, must have borne surface drainage at one time. Such a 
possibility was mentioned by Kirkby (1969) and discussed more ex-
plicitly by Huggett (1974). (This subject is returned to in section 
3.4.) 
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2.4 GLACIAL AND PERIGLACIAL ACTI\/ITY 
Two sources of glaciers existed in Wales during the Pleistocene, 
One occupied the Irish Sea Basin, advancing southwards as a broad 
ice-sheet to impinge on the Lleyn and Pembroke peninsulas. Tlie 
other source of ice was highly localised, in the glaciers of the Welsh 
mountains, and did not reach the study area. 
The glacial history of Wales remains to date unresolved, par-
ticularly with respect to the mwber of glaciations. The bi-partite 
division, based on stratigraphical evidence, into "Older Drift" and 
"Newer Drif t" (Cha.rlesworth, 1929) is of little value in southern 
Pembrokeshire, where glacial deposits are sporadic and poorly devel-
oped. The subjective element involved in distinguishing these t\vo 
units has led to the controversy concerning the limits of the glacia-
tions, and of the limits of the latest Weichselian (Devensian) 
Glaciation, in particular. 
The earlier Saale (or Riss) Glaciation is generally considered 
to have submerged Wales, including the Pembrokeshire peninsula, 
beneath a cover of ice, although the evidence is derived from regional 
studies and correlations rather tlian detailed local studies owing to 
the severe denudation of these deposits (Bowen, 1970). 
The Weichselian Glaciation, on the odier hand, was not as ex-
tensive as the former and the precise location of its maximum advance 
remains in dispute (John, 1974). One school of tliought places it 
along the north coast of Peml^rokeshire (Mitchell, 1960; Stephens 
and Synge, 1966), while the other believes that Pembroke was at least 
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partly, if not totally, glaciated at that time (Bowen, 1973a, b; 
John, 1971; Garrard and Dobson, 1974), 
John (1970) argues that only one suite of glacial deposits is 
present in Pembrokeshire (provisionally termed as representing 
die "Dewisland" Glaciation) and consequently should be ascribed in 
Its entirety to either the Saale (Riss) or the Weichselian (Devensian, 
Wtirm) Glaciations. He himself (John, 1970, 1971) favours the 
latter as a period of t i l l deposition Vv-ith evidence of tlie earlier 
Saale (Riss) in the form of melt-water channels and "early" 
erratics. 
At the level of the study area, John (1972) has dated a Kame 
Terrace at Mullock Bridge as late V/eichselian on the basis of radio-
carbon and stratigraphical evidence. This dating has been 
challenged subsequently (Bowen, 1973a), and this question of glacial 
limits is returned to in a later section (section 7). 
Of more importance here is the extent and duration of the peri-
glacial period, following the last Glaciation, which prepared the 
"parent material" for colonisation by vegetation leading to tlie initia-
tion of soil-forming processes. 
Periglacial conditions prevailed in south-west Wales at several 
stages of the Weichselian Glaciation (John, 1973), though few of the 
characteristic features can be dated conclusively. 
If a late Weichselian age is accepted for the Kame Terrace at 
Mullock Bridge, then the ice-wedge casts found in these deposits 
are Xate-Glacial in origin (Pollen Zone I-III) . Some of the solifluc-
tion deposits at West Dale Bay may also be attributable, on stratigraphi 
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cal evidence, to this period (Groom, 1956; John, 1972). 
, Other features provide circumstantial evidence and, from their 
freslmess and undisturbed condition, are considered to date from the 
late-Glacial period (Pollen Zones I-III) , Cryoturbation, albeit 
weakily developed, has been found in the water-sorted sediments of 
a Glacial/i^te-Glacial channel at St Brides Haven (8024 1108). Stone 
lines found beneath thin top-soils on plateau-edge slopes may also be 
of perigiacial origin (Ball, 1967).* Finally, a loamy sand horizon 
overlying Kame Terrace sediments has been Interpreted as an aeolian 
deposit and has been tentatively dated at Zone III or later- Qolin, 
1972). (Evidence for l^te-Glacial/post-Glacial aeolian activity is 
presented in Qiapiers 5, 6 and 7). 
On the other hand, there is a conspicuous absence of indurated 
soil horizons in the study area, though these have been found at 
Aberystwyth (Stewart, 1961). and in the Fforest Fawr - Brecon 
Beacons and the South Wales Coalfield regions (Crampton, 1965) 
where they are interpreted as relict features of permafrost. Their 
absence within the study area is probably due to the stoniness of the 
thin regolith which is unsuited to such processes. However, it may 
also reflect the undoubtedly milder perigiacial climate of the coastal 
zones Gohn, 1973). 
For similar reasons, the formation of late-Glacial solifluction 
terraces, as found in the Mynydd Bach, Radnor Forest, Mynydd 
Eppynt and Fforest Fawr regions of south Wales (Crampton and 
Taylor, 1967), was also inliibited, although the Head deposits at West 
Dale Bay (799 058) may be a smaller-scale equivalent. 
* See Plate 2 
Plate 2 
St Bride's Haven (8032 119) 
Stone line at 25 cms depth overlying shattered red 
siltstone rock. The pale-coloured stones are 
probably derived from the sandstone bed visible in 
the for^round. Their present distribution may 
represent basal incorporation through soil creep or 
burial or a periglacial stone pavement. 
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Recently, greater attention has been directed to the study of 
pingos as indicators of past permafrost conditions (Wasliburn, 1973, 
pp 153-162; Flemal, 1976). Presumed pingo scars have been repor-
ted from central and south-western Wales (Pissart, 1963; Trotman, 
1963; Watson, 1971, 1972; Watson and Watson, 1972). In the last 
case, a l^te-Glacial origin (Pollen Zone II/IV) has been suggested 
(Watson and Watson, 1972). Flemal (1976) concludes in his review 
(p 49) 
"Of the pingo scars in former permafrost regions, the 
majority appear to have formed during the last stage of 
the last glaciation or during the last deglaciaticn. No 
• pingo scars of pre-Wisconsinan time have yet been 
identified. " 
In this context, it is very interesting to consider some features, 
found in the study area, as possible pingo scars. In the course of air 
photograph interpretation, a number of circular patterns were observed 
on the mainland just north of Gateholm Island (see Figure 2c). 
In morphology, they satisfy the conditions for identification 
(Flemal, 1976) : they have a ring-like rim and a central depression; 
they are highly symmetrical in plan (circular) and have horizontal 
dimensions of about 100 m. They appear to have formed in glacial, or 
possibly fluvioglacial, material occupying a low "topo-drainage" 
position, in agreement with Flemal's conclusion (1976, p 49) that 
pingos are "probably best developed in water-saturated and loosely con-
solidated surficial materials . . . ". 
Nevertheless, although the evidence appears to f i t into the regional 
distribution, it is clear that a conclusive identification of these structures 
Fig 2c 
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as pingos requires supporting evidence from detailed field-work. 
2.5 PRE-NEOLITHIC SOIL EVOLUTION 
In the absence of pollen-stratigraphic data from the study area 
and its environs, extrapolations have to be made from the evidence col-
lected in west central Wales (reviewed by Taylor, 1973). Interpreta-
tions of late-Glacial/post-Glacial conditions in the study are thus, to a 
considerable extent, speculative. 
The Initial climatic amelioration (Pollen Zone I) was slight, and 
t his period did not witness a dense vegetation cover, supporting only the 
hardy tundra birches (Taylor, 1960). Under such conditions, physical 
weathering, erosion and deposition of wind-blown m.aterial would have 
dominated over soil-forming processes. A brief thaw in the Allerizid 
(Zone II) was succeeded by a return to tundra and the final phase of 
periglacial activity (Zone III) . 
The post-Glacial epoch is marked by the rapid melting of the 
glaciers at about 10,000 BP (Zone IV). An anomalous climatic regime 
is thought to have been established due to the positioning of the circum-
polar vortex over northern North America rather than the pole, leading 
to the extension of anticyclonic situations over Europe, and producing 
warm and dry weather (Lamb, 1965). Coniferous forests became est-
ablished with the probable inception of soil-forming processes 
(Taylor, 196Q; Smith and Taylor, 1969). 
The gradual improvement of climate encouraged a change to oak-, 
dominated woodland (Zones V and VI), with the development of a climate 
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intermediate in natxire between those of tlie present-day Mediterranean 
and British types up to about 5,000BP (Lamb, 1965). The higher 
temperatures and rainfall than at present are thought to have favoured 
"brown earth" formation under mull organic matter rather than the 
earlier coniferous "forest podzols" associated with mor humus. It is 
at this climatic optimum that the arrival of Neolithic man is dated. 
2.6 MAN AS A S0IL-F0RK4ING FACTOR 
Although Mesolithic fishermen/hunters are known to have been 
present on the Peiribrokeshire coast (Grimes, 1973), it was not until the 
advent of Neolithic colonisation and primitive cultivation that man 
began to affect seriously his environment. 
The concentration of remains along the coast-lines suggests a 
sea-borne incursion of this culture, although one group,at least.came 
overland to settle in the Black Mountains in Breconshire (Webley, 1959). 
From the distribution of these Neolithic features (Grimes, ^1973), it 
seems that there was little or no settlement within the study area 
itself. 
One possible reason is that the lower sea-level at that time 
created a low-lying, marshy fringe around the area, discouraging the 
pioneers (Emery, 1969, p 11). Another hindrance to settlement may 
have been caused by the type of vegetation cover in existence over the 
study area. It has been argued that damp oak-woods (Quercus robur) 
with a dense undergrowth were more difficult to clear, and hence less 
attractive for settlement, than the open oak woods (Quercus petraea) 
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(Grimes, 1945). It seems most probable that the exposed position of 
the study area would have precluded the development of tJie dense variant 
(Edlin, 1960), though an equally discouraging thorn or scrub cover may 
have existed. 
Nevertheless, there are clear signs that settlemient had taken 
place by the Bronze Age and that it had become comparatively dense in 
the Iron Age. Remains of the latter include the numerous "raths" 
serving as coastal defensive positions, as v/ell as the ancient small 
field systems still visible on nearby Skomer Island (Grimes, 1973). 
The impact of man on soil evolution can best be imagined as a 
series of important innovative steps from initial forest clearance and 
cultivation:-
(i) Forest clearance and cultivation , 
(ii) Invention of plough and rudimentary tillage implements 
(iii) Drainage of wet-lands 
(iv) Application of soil fertilisers 
(v) Mechanisation and crop specialisation. 
Forest clearance and settle ment gradually spread from the areas 
f i rs t encountered and found to be suitable - the coastal zones and up-
lands (Edlin, 1960). Even at this early stage, however, this activity 
was not undiscriminating. Soils of intermediate texture, and hence 
most easily worked, were selected for cultivation, while poorer, heavier 
land was reserved for the erection of burial chambers (Grimes, 1945; 
Crampton and Webley, 1960 and 1963). 
The removal of permanent vegetation not only upset soil nutrient 
cycles, but also exposed the soil surface, increasing the risk of erosion 
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(Stewart, 1961). Climatic changes occurring at tlie same time are 
thought to have caused an overall rise of the water-table (Taylor, 1960), 
leading to the resumption of peat accumulation in higher areas which 
had slowed down before the Neolidiic immigration (Smith and Taylor, 
1969), and increasing the intensity'- of leaching. 
With the invention of the plough and the general agricultural 
improvements of the late Bronze Age and early Iron Age (Fowler, 1971), 
man greatly increased his effect on the soil. Wliether these implements 
were used in the study area at such an early period is uncertain. 
Turner (1965) provides pollen-stratigraphic evidence for corn-growing 
in the area around Tregaron, west central Wales, and Anglesey has also 
been mentioned (Pennington, 1969, p 91). The only positive evidence 
available is indirect and lies in the regular shape of the fields on Skomer 
Island and tlie presence of faint linear traces visible on air photographs. 
Reclamation of poorly-drained soils is generally attributed first 
to the Romans (Emery, 1969, p 20) and meant that settlements were 
no longer restricted to areas of suitable land. However, it is unlikely 
that this practice penetrated to the remote study area where the influ-
ence of the Romans was very slight. Following the withdrawal of the 
Romans, there seems to have been a regression in farming standards, 
and this would have been particularly acute in the coastal areas which 
suffered constant harrassment from the Vikings. 
Resettlement of land became possible with the establishment of 
the Norman manorial estates, the feudal system of land tenure, and 
organised trading which encouraged large-scale agriculture. This, 
however, was a slow process, and it was not until the sixteenth century, 
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when pressure on land began to increase, that waste lands were taken 
in and the trend towards enclosures strengthened (Howells, 1956, 
Part II). 
Also by this time, as George Owen's accounts reveal, various 
. forms of soil fertiliser were in common use:-
"It is a saieinge amonge the Countrye men of the contynu-
ance of tliese foresaid amendementes that a man doth 
sande for himselfe, Lyme for his Sonne, and Marie for 
his graunde child, thereby describinge and comparinge 
the contjrnuance of each kinde thereof. " 
('The Description of Penbrokshire' 
by George Owen, 1552-1613, 
edited by U O^en, 1892, p 75) 
Of these soil "conditioners", burnt lime was to become the most impor-
tant and eighteenth century accounts record the use of small coastal 
kilns, which were supplied witli both coal and lime from the upper 
reaches of Milford Haven (Dresser, 1959; Hassall, 1794, p 18). 
As agriculture began to flourish in the "Golden Age of Farming" 
(ca 1835- 1875), the area of land under cultivation was brought to a 
maximum, and subsistence farming gave way to cash-cropping and 
specialisation. Drainage and irrigation techniques were vigorously 
introduced, and it is probably in this period that Marloes Mere was 
drained. 
In tlie study area, arable farming began to assume primacy, 
despite Hassall's (1794, p 12) contention that:-
"The mildness of the climate, the moisture of the 
atmosphere, the very little frost to which the country 
is subject, and the perpetual vegetation which is 
uniformly going on, even in the winter months, seem 
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to point out this tract* in so peculiar a manner 
favourable to grass, that one cannot but lament to see 
so mucJi of it under the plough". 
By 1939, the arable acreage in the study area equalled that of permanent 
grass and at 46% was the highest relative proportion for the entire 
county of Pembroke (Davies, 1939, p 154). Local specialisation in-
cluded barley and sugar beet. 
Since the Second World War, the study area has become increas-
ingly involved in the highly profitable "early potato" market, with 
considerable success owing to ideal frost-free conditions. Moreover, 
the acidic red rabb soils have been found to be well suited to potato-
growing and > by 1971, constituted nearly 50% of "early potato" soils 
in Pembrokeshire (Rudeforth, 1971). 
Such intensive farming, necessitating a high degree of mechan-
isation to produce two or more varied crops per year, has taken its 
toll of the soil. It is very sobering to realise that over 80% of 
poorly-structured soils were found under potato crops (Rudeforth, 
1971; see also MAFF - "Modern Farming and the Soil", pp 38-39, 
No 212, p 106, Nos 602 and 603). 
Even more significant is the longer-term and more insidious 
erosion of soil left bare for long periods in such situations (Morgan, 
1974). With root crops, natural erosion is reinforced by the removal 
of some of the soil in harvesting (Tupper, 1974). This problem is 
particularly acute where the depth of soil to bedrock is little more than 
a plough layer, as in large parts of the study area. 




SPATIAL DISTRIBUTION OF THE PEDOGENETIC 
ENVIRONMENT 
3. 1 INTRODUCTION 
^ The importance of topography to soil genesis was aclcnowledged in 
the concept of the soil catena:-
" . . . a regular repetition of a certain sequence of soil 
profiles in association with a certain topography. " 
(Milne, 1935) 
The relevance of the spatial dimension was stated more explicitly 
by Jenny (1941, p 89):-
"PhyBiographers and geomorphologists have no generally 
accepted definitions of topograpliy and relief. In the 
present discussion, tlie terms are used synonymously 
and denote the configuration of the land surface. " 
More recent theories stress soil-landscape associations (Ruhe, 
1956, 1960; Ruhe and Walker, 1968a, b; Huggett, 1975; and Butler, 1959) 
Two major spatial effects of topography should be noted:-
(i) The modification of gravitational forces on the soil (often 
taken as granted - Bunting, 1967, p23). 
(ii) The control of drainage (referred to here as topo-drainage, 
to distinguish from, the control of drainage exerted by soil 
texture and structure). 
The former determines, to a large extent, the movement of soils 
on slopes as a result of soil creep and slope-wash. The significance 
of this in pedogenesis is rooted in tlie distinction between cumulative 
and non-cumulative soils:-
". . . the A liorizon of every mature, non-cumulative 
soil develops from the material that previously passed 
through the stage of the B horizon, rather than directly 
from the C material. " 
"The A horizon of the cumulative soil develops from the 
fresh assorted sediments tliat settle on its surface 
rather tlian from the material that previously passed 
. through the stage of the B horizon, wtiereas the B 
horizon follows the A and develops from the sediments 
that passed through the stage of the A. " 
(Niiciforoff, 1949) • 
NLklforoff also avers tliat continuous shifting of the A horizon 
often occurs without any true (net) accumulation. Wliile the terminol-
ogy of the horizons may be outmoded, the simple concept of cumulative 
and non-cumulative soils, with ah intermediate phase where neither 
dominates, remains valid. 
Topograpliy does not control drainage patterns exclusively; neither 
do they correspond to geom.orphic units (Bunting, 1961, 1964). Hence 
the term "topo-drainage" has been used - to emphasise the dependency 
of drainage on topography without excepting other factors. 
Another aspect of drainage concerns the movement of water within 
tlie soil profile. This is controlled also by soil properties - to a large 
degree a function of the "parent material". Textural horizonation is 
very important in this context, although the effects of management on 
the structure and drainage of the soil can be locally pre-eminent. 
Not only does tlie "parent material" affect the mechanical proper-
ties of the soil, it also serves as the "reaction flask" of soil chemical 
reactions and, indeed, provides many of the reactants itself. Tins dif-
ferent "parent materials" v;ill impart different chemical properties to 
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a soil depending on tlieir mineralogical constitution. 
Both chemical and mechanical properties of soil can be severely 
altered by the "organic" factor Qenny, 1941). Micro-organisms are 
particularly important as mediators in complex oxidation-reduction 
reactions characteristic of soil water-logging conditions (Evans, 1971). 
On the otlier hand, the "macro-organic" factor, represented by veg-
etation and animals, has been virtually eliminated as a natural variable 
under prolonged cultivation and crop rotation. 
Not only has Man altered completely the spatial distribution of 
the "organic" factor, it could also be argued that he constitutes a 
"factor" of soil formation in his ov/n right hy his control of certain soil 
properties to suit his own needs. 
Some factors, hou'ever, remain very difficult to change. Such 
"fundamental" factors include climate, "parent material" and 
topography (and implied topo-drainage). These, then, are the 
relatively unchanging factors, which are suitable for representation on 
maps, and the spatial distribution of which should be amenable to a 
genetic interpretation. 
3.2 THE PEDOGENE'-nC MAP 
The Pedogenetic Map (see inside back cover) shows the spatial 
variation of the factors of "topo-drainage" and soil "parent miaterial". 
It does not show the spatial distribution of soils as such. The Map can 
be used, however, to predict the most probable kind of soil in any 
locality. 
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Over a larger area, climatic variability would also assume 
importance and would need to be plotted. It has been omitted from die 
Pedogenetic Map in this case, because the study area is small enough 
for climatic variations to be considered negligible as far as pedo-
genesis is concerned (see Figure lb). 
The Map has been specially designed to give the factors of 
"parent material" and "topo-drainage" equal weighting, as these are 
considered to be equally important in the soil genesis of the study 
area. Such an approach differs from the practice of the Soil Survey of 
England and Wales, which emphasises the role of the "parent material" 
lithology at tlie comparable level of the soil series (Avery, 1973), for 
reasons which may be, in large part, historical (Bridges, 1976). 
By keeping to a genetic basis, tlie Pedogenetic Map is unique in 
that it is independent of soil classification revisions. On the other 
hand, prediction of soil properties may not be as accurate as from a 
special soil map at the same scale, although the accuracy of the latter 
is only as good as the purity of the soil mapping units (Simonson, 1968). 
3.3 CLASSIFICATION 
Two partly Independent classifications have been used in the con-
struction of the Pedogenetic Map. One concerns the dominant component 
of infiltrating surface water - "topo-drainage"; the other refers to the 
type of "parent material" from which the soil is derived. These are 
not entirely independent, as the topographical element may influence 
the distribution of some parent materials. Thus, water-sorted glacial 
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material and alluvium are concentrated along- drainage lines and are, 
therefore, associated witli a particular range of topo-drainage classes. 
Three such class have been defined - moisture shedding (I), 
moisliire transmitting (11), and moisture receiving (III). At moisture-
shedding sites, tlie main component of water movement is vertical, with 
infiltration proceeding directly to the underlying bedrock. Transmitting 
zones exhibit a strong- component of lateral water movement through 
the soil, while receiving sites are characterised by tlie accumulation of 
this moisture in topographic "lows". A fourth class (IV) has been 
included to distinguish sites affected by sea-water, differing entirely in 
its chemical composition to rain-water. 
"Parent material" classes are based on the composition and 
geological history of the soil inorganic material, especially that of the 
plough layer. The careful delimitation of superficial deposits, partic-
ularly t i l l sheets, is therefore critical. In the peninsula west of 
Marloes, the solid geology is also very complex, and for this reason 
only broad geological groupings have been defined for that part. In sumj 
only four geological units have been recognised - Black Shales 
(Ordovician), Skomer Volcanic Series (Ordovician/Silurian)^ Grey 
siltstones/sandstones (Silurian) and Red siltstones/sandstones 
(Devonian). These have been selected on significant differences in 
lithology rather than chrono-stratigraphical grounds. 
The subdivision of superficial deposits has likewise been made 
not from a glaciologist's point of view but according to properties rel-
evant to pedogenesis. The classes of unsorted glacial, water-sorted 
glacial, soliflucted and alluvial materials are based primarily on the 
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textural properties of the sediment, which also influence - to a certain 
extent - the mineralogy of tliese deposits. 
Organic soils pose problems in this classification. By conven-
tion, a peat has an organic horizon of over 40 cms thickness (Avery, 
1973). Such a peat probably only exists at Marloes Mere (776 082). 
However, west of the Mere there is a low-lying stretch of land having 
soils rich in organic matter though not exceeding a thickness of 20 cm 
(see Plate 11). On the Map these have been delineated separately but 
have not been classed as peats. 
3.4 DISTRIBUTION OF "TOPO-DRAINAGE" 
The drainage pattern in the study area is shown on the Pedogenetic 
Map (inside back cover). V/ith the exception of Dale Valley and the 
Gann Valley (both shaped by glacial and periglacial processes), trie 
surface drainage is confined to small, moderately-incised basins. 
Between these lie broad plateau surfaces. 
The delineation of topo-drainage zones is based almost exclusively 
on air photograph interpretation (API) at the same scale as the 
Pedogenetic Map (for informational air photographs, see Appendix 9). 
In some cases, adjacent basin "heads" were resolved using the topo-
graphical evidence of the base maps. 
"Shedding" sites have been defined as possessing no visible 
drainage pattern whatever, and it is therefore inferred that rain-water 
percolation is mostly vertical, with- only a very small lateral com-
ponent. On air photographs, "shedding" zones appear light in tone 
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over bedrock and freely-draining superficial deposits, and slightly 
darker, though still uniform, over the clay-rich glacial tills. A con-
siderable proportion of the study area (70%-80%) is comprised of 
"shedding" zones. 
The distinction between "shedding" and "transmitting" zones 
is a very fine one, and for this reason boundaries are depicted by a 
broken line. Nevertlieless, API gives clear evidence for lateral 
drainage in the form of dark, very fine, branched or unbranched lines, 
strung out on the slopes, leading to receiving sites. Such lines of 
moisture movement have been termed percolines by Bunting (1961, 
1964) and are regarded as the outer fringe of a drainage network. In 
the field, the very localised deepening of the soils along a percoline 
is encountered only infrequently. 
It is critical, in the context of soil genesis, to decide whether 
these chamaels have been formed by processes connected with the 
movement of water through the soil (percolines) or whether they are 
relict features of surface drainage (paiaeorills). Though they are not 
readily distinguishable from their surface appearance (Kirkby, 1969; 
Huggett, 1974), differences In soil properties, and especially soil 
texture, are quite marked. Where surface drainage has existed, 
water-sorted material is to be expected; where water movement has 
been restricted to throughflov/, only limited sorting (mostly of clay or 
fine silt material) Is possible. 
Soil types found over palaeorlUs should, therefore, differ greatly 
(and sharplyl) from surrounding soils (see, for example, section 6.2, 
and Appendix 3), The action of sorting by running water would tend to 
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create a coarser ( i . e., sandy or gravelly) material located clearly 
witliin a channel. In profile, horizons or rather sedimentary units, 
should be evident, and analysis of the deposits should indicate non-
derivation from sub-adjacent bedrock, 
Percolines, on the other hand, show little sorting of material by 
comparison and, in any case, the tendency is towards finer-grained 
material (Bunting, 1964). Transitions in soil properties are later-
ally more gradual, and widths of percolines have been described as 
varjdng from about 30 to 90 m, although even deeper areas v/ere 
encountered in such a zone (Bunting, 1964). 
In fact, on air photographs, the distinction between percolines 
and palaeorills is moderately easy to make in most cases. Percolines 
rarely occur singly and have the general appearance of a series of 
thin dark threads running in relatively straight lines downslope, . 
eventually coalescing into thicker "seepage" lines, or even entering 
tlie broader and permanent "receiving" sites. Palaeorills tend to be 
well-defined, often occupying a visible topographical depression, and 
are isolated. They are dark in tone, despite tlieir coarser texture, 
owing to their high moisture content from the throughflow. Often tiiey 
are associated with plateau t i l l sheet upslope and alluvial deposits 
downslope, illustrating their role in tlie redistribution of surficial 
material (see section 6. 2). 
Somewhat similar in many respects are the channels super-
imposed on water-sorted glacial deposits. On air photographs these 
appear as very prominent dark bands in tonally very light areas (as 
at tlie Mullock Bridge Gravel Quarry - 811 077). Although they no 
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longer conduct surface drainage, they aire s t i l l important in trans-
mitting sub-surface moisture, and in this sense are integrated with 
the existing drainage system, despite tlieir different origins (one 
derived f rom rain-water infiltration; the other, f rom local melt-waters). 
The effect of glaciation on drainage is even more strongly ex-
pressed in a feature just north of St Ishmael's Parish. Here a relict 
channel (Plate 3) takes a "short-cut" across country (from 832 097 
to 829 091) connecting two existing lines of drainage located at a lower 
altitude. The channeL is , in fact, "hump-backed", and the "hump" 
lies at 15 to 23 m above the present-day stream at the northern end, 
and 30 to 38 m above the stream at tlie lower, southern end. 
A possible explanation is that melt-water escaping f rom the 
north (possibly f r o m the Talbenny t i l l sheet) was checked by "dead" 
ice downstream and diverted over the brow of the nearby slope, 
eventually eroding a channel along this course. A poorly-defined 
channel further west (824 092) may have a similar origin. 
I t should be noted that in some cases wind-blown or colluvial 
material may help to in f i l l old channels, as perhaps at Broomhill 
Farm (809 051), which remain active in transmitting subsurface 
water by reason of their low relative topographic position. 
Finally, there is no evidence in the study area of sub-surface 
mass water transport by soil-piping as has been recorded in the upper 
Wye Valley, Plynlimon, Wales (Newson, 1976). 
In the topographically lowest situations, a state is reached 
where the water-table intercepts the soil profile. These "receiving" 
zones are usually clearly demarcated f rom the "transmitting" zones 
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KEY 
(to face Plate 3) 
"Topo-drainage" classes:-
I - Shedding 
I I - Transmitting 
I I I - Receiving 
'Parent Material" ciasse; 
r - Red siltstones (Devonian) 
g - Grey siltstones/sandstones (Silurian) 
a - Alluvium 
u - Unsorted glacial deposits 
w - Vs^ater-sorted glacial deposits 
The area shown has co-ordinates:-
818 108 833 108 
818 087 833 087 
Two north-south trending streansare seen feeding the main 
east-v.'est drainage line. A now-disused channel taking a "short cut" 
between these drainage systems is seen on tlie right-hand side. I t is 
hump-backed and therefore thought to be of glacial origin. 
The thin plateau soils are underlain by two different geological 
formations - Silurian siltstones/sandstones and Devonian siltstones. 
These can be distinguished by their structure, as seen through the 
tliin soil cover (lower right and upper half of Plate, for example). 
Tliese features are obscured by t i l l sheets (upper right-hand side). 
RAF 30 JUN 1959 ( F 22 No. 0192 58 RAF 2985) 
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TOPO-DRAINAGE CLASS BOUNDARY 
• 'PARENT M A T E R I A L ' BOUNDARY 
1 k m . 
Plate 3 
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on air photographs. Often there is a break of slope, a line of springs 
(though some of tliese may be attributable to perched water-tables on 
t i l l sheets - Cantrill et a l , 1916, p 167, or old blocked drains -
Rudeforth, 1974, p 17), and the open drainage along the lowest course. 
In the f ie ld , periodic or permanent water-logging is indicated by the 
presence of manganese cutans and partial or total gleying. 
Where water-logging is particularly persistent and bacterial 
activity sufficiently reduced, the accumulation of organic matter is 
encouraged and peat i'ormation is possible. This occurs, to a limited 
extent, at Marloes Mere (777 082) where API reveals a very light 
(seasonally dry ?) , irregular tone, becoming darker and spreading 
westwards over several fields. In an area a li t t le west of the Mere 
itself, several soils (P16 - P19 at 767 083) were found to have 
horizons r ich in organic matter to a deptli of about 20 cms. 
The final topo-drainage class (IV) refers to the area of the 
Gann Valley south of Mullock Bridge w'here water-logging by sea-
water has led to the characteristic development of "crescent" morph-
ology in the saltings (815 077). 
3.5 DISTRIBUTION OF "PARENT MATERIAL" 
The definitions of soil "parent material" are varied and s t i l l 
controversial. In this study, the soil "parent material" is defined as 
the material f rom which tlie present-day top-soil (0-25cms) has been 
derived. Tlie point needs to be made tliat the origin of this material 
is often not ful ly apparent in the f ie ld , and laboratory analysis is 
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needed to determine the effects of wind-blown or anthropogenic 
contaminants. 
As far as API is concerned, the thinness of the plateau soils is 
of enormous advantage. Soils thinner than 25 cms are "transparent" 
to underlying geological features on the air photograplis. Geological 
formations tend to have diffeirent structures, especially in the thick-
ness and degree of folding of beds (Plate 3), and this has proved a use-
ful cr i ter ion for identification and mapping. 
The characteristic appearance of each rock type is almost un-
mistakable. Tlie red siltstones of the Devonian appear as highly 
folded, thinly bedded units, with occasional lighter partings attributable 
to sandstone horizons. The Silurian siltstones/sandstones of the 
Winsle inl.ier form thicker beds and are darker in tone. Darker 
s t i l l are the Ordovician black shales, although their faulted boundary 
with the Devonian red stilstones , north of Marloes village, is often 
lost among the tonal variations due to "topo-drainage". Igneous rocks 
outcroiping at Marloes Beacon (785 085), Verna Cottage (778 081) 
and north Talbenny (837 126) exliibit a light tone with a rough, i r reg-
ular, "granular" texture. 
With a thickening of the soils beyond the "threshold of trans-
parency", the geology is no longer visible, and i t is on this basis, 
with the support of f ield observations, that the boundaries of the plat-
eau t i l l sheets have been mapped. API is particularly useful in def-
ining the edges of t i l l sheets which grade imperceptibly into surround-
ing bedrock soils and which prove very difficult to delimit in the field. 
A broken line emphasises the nature of these boundaries, better 
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regarded as transition zones. Hence the seemingly paradoxical 
position of P8 (8107 0952) - actually derived f rom Silurian si l t-
stones but occurring in the fringe zone of water-sorted glacial deposits 
and mapped as such. Speculative boundaries are indicated by inter-
rogation marks, as in the case of the Upper Winsle Sheet which, with 
the confirmatory evidence of three soil inspection pits (P37, P96 and 
P97 - at 8382 0956, 8355 0987, 8422 1003 respectively), has been 
shown to be l i t t le more than a thin (35 cms) veneer of unsorted glacial 
material overlying bedrock. 
The existence of these ephemeral glacial deposits had not been 
recorded by the Geological Survey (Cantrill e t a l , 1916), who only 
mapped superficial deposits with a thickness of at least a fev»' metres. 
Thin though they may be, these sediments are higlily significant in soil 
genesis, as is seen in later studies (Cliapters 5 and 6). 
Not a l l of the glacial sheets are so indefinite. The Dale T i l l 
Sheet displays a thickness of several metres at its western edge in the 
c l i f f section at P64 (8014 0379), and then tapers eastwards. A 
detailed transect across the eastern boundary f r o m P57 to P58 
(8069 0442 to 8160 0444) reveals a change in profile morphology and 
soil properties, and allows the placing of a boundary inside a distance 
of 20 m. Additional evidence for t i l l sheet boundaries comes f rom 
the location of springs which seem to be particularly consistent in the 
case of the Dale Sheet (Cantrill e t a l , 1916, p 167). 
Problems with the definition of "parent material" arise with the 
"cumulative" downslope soils, where the addition of fresh soil material 
takes place f r o m above rather than f rom below (Nikiforoff, 1949). In 
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many cases, the colluvial material is the same as further upslope, 
and while reasonaJ^le extrapolations can be made f rom an appraisal 
of tlie geologj^ numerous ground checks are required. This is partic-
ularly necessary, as many of the drainage basins have been lined 
with water-sorted material f rom previous times - as, for example, 
the Gann Valley and the stream draining into Marloes Sands (780 076). 
Unsorted glacial deposits are rarer in such situations, and 
API of the water-sorted glacial material is aided by their very light 
tones, indicating freely-draining materials located in shedding 
"topo-drainage" zones. 
Solifluction deposits require field identification, while alluvium 
occurs only in "receiving" zones and is easy to identify by its flatness, 
and sharp boundaries with adjacent slopes. 
56 
CHAI^ER 4 
THE SOILS AND THEIR PROPERTIES 
4. 1 INTRODUCTION 
The basis of any detailed pedogenetic study must be a description 
of the overall distribution and variability of the soils and their 
properties - essentially a soil survey. This chapter is an attempt at 
a brief appraisal of the soils in tlie study area. A soil map lias not 
been constructed, however. Instead; the Pedogentic Map is used in 
conjunction with tlie information gatliered in the course of field survey 
as well as laboratory analysis. 
The soils of tlie study area are unusual in many respects - not 
least of a l l in the extreme thinness of the plateau lithosols. By far the 
largest proportion of these are derived f rom Devonian red siltstones -
a source of additional pecularities. Differences and similarities of 
these soils are therefore evaluated both witliin the study area and on a 
higher regional level. 
4.2 REGIONAL CONTEXT 
When the study area is considered in a broader regional context, 
the role of the climatic factor in soil genesis becomes more apparent. 
Climate is a composite factor and can be reduced to the components of 
precipitation, temperature and wind. Tliese components can be 
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combined and resolved into m.ore specific "causative factors". The 
most important in soil genesis is the precipitation available for 
leaching (often approximated to die excess winter rainfall - MAFF, 
1971). Temperature and the related variable of exposure affect the 
chemical activity of micro-organisms in the soil. Finally, wind, in 
combination witli precipitation, governs the deposition of salt in the 
f o r m of sea spray. 
Tiie importance of the climatic factor was not fully recognised 
at f i r s t . Robinson (1935, p 273) concluded that "whilst the equable 
climate of Wales dominates soil development, important differences 
between soils can be traced to the influence of parent material. " 
I t was not t i l l much later (Ball, 1959) tliat the climatic factor 
was suggested as being responsible for a division of the soils in Wales 
into two broad zones - the brown earths and the podzols. The boundary 
between these was broadly drawn along- tlie isopleth of 1,500 mm (60 
inches) of annual ra infal l , a level above which the podzols were said 
to beconie prevalent. 
Rudeforth (1967) has offered a refinement of this figure, claim-
ing that for the Silurian siltstones in central Wales (a lithology similar 
to the Devonian siltstones in the study area) : "podzolized soils rarely 
occur under a rainfall of less than 1,375 mm (55 inches) a year in tlie 
west, and yet are common under rainfalls about 1,125 mm (45 inches) 
a year in the east. " 
He further suggested a relationship between summer tempera-
tures and podzolisation, invoking a close f i t of the 14°C (57°F) July 
isotherm with the. lower l imi t of general podzolisation (Rudeforth, 
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1967). The explanation advanced for the importance of summer 
temperatures was tliat they controlled the activity of soil organisms 
Vv'hich cause tJie decay of plant debris - one of the important determin-
ants of podzolisation in upland soils in mid-Wales. While this is 
indisputable, some doubts over the precise correlation of zonal soils 
witi i the July isotherm have been voiced (Ball, Oliver in discussion 
of Rudeforth, 1967). As leaching is so important in soil genesis, 
the annual rainfal l measure is rather crude, and a more accurate 
parameter is that of the excess winter ra infal l , when vegetation growth 
is negligible and evapo-transpiration low. 
As far as soils in the study area are concerned, tlie problem with 
evaluating the role of the climatic factor lies in finding a similar 
"parent material" in a different environment. A rare chance is pres-
ented in Crampton's (1963) study of soils derived f rom Devonian red 
siltstones on Mynydd Eppynt near Brecon, south Wales. 
As in the study area, the red siltstone parent rock on Mynydd 
Eppynt occurred at less than 30cms below the surface of the inorganic 
horizon, and mineralogical analyses confirmed the derivation of the 
soil material f rom the subadjacent rock. The mineral soil was over-
lain by organic horizons of between 10 and 20 cms consisting of root 
mats with underlying well-decomposed organic matter. These soils 
were identified as podzols with gleying and peaty gleyed podzols, 
although this simple terminology belies tlieir complex morphology 
(Crampton, 1963). 
The excess winter rainfall on Mynydd Eppynt can be estimated 
at a mean of at least 625 mm (25 inches) on the basis of 1,125 mm 
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(45 inches) average annual rainfall (MAFF, 1971, p 40) - the figure 
reported for the Brecon Meteorological Station and hence likely to be 
an underestimate of the rainfall on the mountain. Excess winter rain-
fa l l in the study area, on the other hand, is at most an average of 
500 mm (20 inches) by a similar reckoning. If this is reduced further 
on account of the unusual local climatic conditions (see section 1.3), 
i t becomes evident that there is probably twice as much rainfall avail-
able for leaching on Myaydd Eppynt as in the study area. 
Other climatic factors tliat should be considered in this compari-
son include the reduced soil hom.ogenising activity of the soil fauna in 
the mountain podzols, the greater accumulation of organic matter 
mentioned above, and the more continuous leaching on Mynydd Eppynt 
resulting f r o m a more even annual rainfall distribution and lower 
evapo-transpiration rates. 
Salt Sea Spray 
One rather unusual feature of the study area is the frequent " fa l l -
out" of sea spray. This can have severe effects on the vegetation,and 
"burning" of trees and plants is common even at Marloes village. 
The effects on the soil , however, do not appear to be significant. 
Tliere is no clear evidence of illuviatlon in soils, even along coastal 
exposures, despite the fact that sodium acts as a deflocculant on clay 
minerals. Not only are the micas structurally resistant to sodium 
absorption, but they also absorb the bivalent calcium and motjoAsiuni 
ions on to exchange sites in preference to tlie monovalent sodium 
(Carrol l , 1962). Thus, in combination with the overall climatic 
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regime, the effect is to allow sodium and chloride ions to pass un-
hindered through tlie soil. This is confirmed by tiie general absence 
of salt efflorescences or accumulations in tiie soils, even over dry 
summer spells. 
4.3 RELATIONSI-HP OF SOILS TO PEDOGENETIC MAP 
The Pedogenetic Map was designed as a basis for tlie study of 
soil genesis in the study area. As such it shows tlie spatial distribution 
of the topo-drainage regime and the soil "parent materials". 
Topographical information in the fo rm of contours was also included. 
With the additional aid of a ground survey and laborator}?- analysis, a 
tentative prediction of soil distributions in the area can be attempted. 
This is particularly desirable in view of the detailed soil surveys 
(on the scale of 1:25,000) carried out in nearby areas by the Soil 
Survey (Clayden and Evans, 1974; Rudeforth, 1974). 
On the basis of Avery's (1973) classification, only a few of the 
Major Soil Groups are represented in the study area. These include 
the Lithomorphic soils, the Brown soils, and the Ground-water 
gley soils; smaller areas are covered by surface-water gley soils, 
Hydric raw soils, Peat soils, and Podzolic soils. 
The lithomorpic soils occur typically on the plateaux surfaces, 
directly overlying bedrock and in shedding (I) and transmitting (II) 
topo-drainage zones. Brown soils are associated with glacial t i l l 
sheets on the plateaux, with colluvially-thickened slope soils, and with 
some of tlie deeper plateau soils underlain by basic igneous rocks. 
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They range over a l l three topo-dralnage classes, grading Into the 
ground-water gleys and gley soils in moisture-receiving sites (III) . 
Of the less extensive Major Groups ; surface-water gley soils 
(stagnogleys) occur in some of the clay-r icl i plateau t i l l sheets; hydrlc 
raw soils (raw gley soils) correspond to topo-drainage class IV -
die estuarine marine sediments at the southern end of the Gann Valley; 
a podzollc soil has been encountered In an unusually coarse sandstone 
over a small area; peat soils of significant extent (several hundred 
square metres) are located In and around Marloes Mere. 
ClassIfIcatory problems arise, however., Particularly problem-
atical are the soils derived f rom the Devonian red slltstones. In which 
the stability of the red Iron oxide (hematite) hinders the differentiation 
of horizons by colour. In spite of Avery's asse.rtlon that structural or 
i l luvlal features should be recognisable (1973, p 33), there Is no 
clear evidence of a B horizon at the virgin sites, and elsewhere plough-
ing has removed any evidence that may have existed. At the "Soli 
Group" level according to Avery's classification (1973) the plateau 
red siltstone soils can range f rom raw skeletal soils (with bedrock or 
non-alluvial fragmental material at SOcm.s or less), through rankers 
(with non-calcareous top-soil over bedrock or C horizon at 40cms or 
less) to brown eartlis (sensu stricto) (non-alluvial, non-calcareous, 
loamy or clayey, without an argil l lc horizon and no diagnostic gleyed 
horizon at 40cms or less). 
In the study area these arbitrary divisions are unsatisfactory. A 
much more meaningful l i m i t could be set at25 cms for the bedrock-
derived "Lithomorphlc soils". Not only is this l imi t traceable on the 
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air photographs - using the 'transparency" criterion mentioned earlier 
(section 3.5) - but i t is also of practical significance. Normal 
ploughing reaciies to 20-25 cms deptJi and soils tiiinner tlian this 
require careful management both to avoid damage to equipment and to 
minimise the risks of soil erosion. It is interesting to note that 
Qayden and Evans (1974) specifically include non-calcareous soils 
with bedrock at less than 25 cms as "ranlcer" soils (p 24), while 
Rudeforth and Bradley (1972) less explicitly appear to have done the 
same (p 20). 
Red siltstone soils thicker tiian 25 cms and not showing any 
diagnostic features are allocated to the brown earths by Clayden and 
Evans (1974, p24). The implication is that if the soils had not been 
hematitic they would have possessed a colour-differentiated profile. 
I t appears that "cumulative" soils (see section 1.2), although lacking 
an obvious horizonation, may be classified on arbitrary depth criteria 
as brown earths by default. 
To some extent this problem of classification is avoided by tlae 
use of soil mapping units. Rudeforth (1974), working in tiie nearby 
Pembroke/Haverfordwest area, defines (p 89) the Milford Series as:-
" . . . a fine loamy brown earth over red Devonian 
siltstones and fine sandstones with silty variants . . . . 
Drainage is usually good or moderate. A subordinate 
well drained shallow ranker variant is also included. " 
The Shallow ranlcer variant is defined as having rock at less than 
25 cms (p 90). Thus the shallow ranker variant of the Milford soil 
series is probably equivalent to the soils in the study area generally 
termed as "thin red siltstone plateau soils". 
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The brown earths of the Milford Series described by Rudeforth 
(1974, pp 92-97) have no counterparts In the study area. 
4.4 SOIL GROUPS AND SOIL PROPERTIES 
4.4. 1 Soil Groups 
The soils of the study area (see Appendix 10 for selected soil 
profile descriptions) are covered by just a few soil Groups (as 
defined by Avery, 1973). These Include:-
(I) The rankers (approximately 50% of the study area) 
(11) The podzols (sensu strlcto) (negligible) 
(III) The brown earths (sensu strlcto) (approximately 40% 
of the study area) 
(Iv) The ground-water gley soils (approximately 5% of the 
study area) 
(v) The stagnogley soils (sensu strlcto Pseudogley) (rare). 
(I) Rankers (Avery, 1973) 
The rankers correspond to the "thin plateau soils. " They are 
formed In material derived f rom Devonian red slltstone (locally called 
"red rabb"), Silurian yellow-grey slltstone/sandstone, and Ordovlcian 
black shale, and generally occur on shedding sites (I) but are also 
encountered in transmitting zones (II) . 
The uncultivated red siltstone variant - P62 (Plate 4) - can 
be classified. In fact, as a f lbr lc ranker at the Subgroup level (Avery, 
1973), but under prolonged cultivation the organic content becomes 
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P62 - Soil Profile Descriptlon_ 
0-8 cms A 
8-25 cms A 
Dark red-brown (2-SYR 2/4) organic 
mat, very porous, dry , no mottles, 
O M very high, abund. .roots, small 
red siltstcne fragments (pH5-0). 
Boundary sharp and regular. 
Reddish (SYR 3/4) stony sllty clay, 
columnar and irregular large peds, 
mod. compact, mod. moist, O M l o w , 
few roots, stones progressively 
larger towards base - up to 2 cms 
across (pH 5- 1). 
Boundary sharp and regular. 
25-40cms Red, very stony sil t clay. Flat frags, 
of red siltstone. 
40+ cms R Jointed bedrock - red siltstone. 















4 6 m t 2m (150' + 5 ' ) 
Flat, profile to south-west 
Virgin site 
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much reduced and rock fragments f rom the bedrock become thoroughly 
mixed into tiie soil. After ploughing,these rankers may resemble 
raw skeletal soils (for example, P112 - Plate 5), especially following 
a root crop such as potatoes. However, laboratory analyses reveal 
that these soils exceed the stipulated minimum content of organic 
matter in the top-soils (1% - Avery, 1973), qualifjdng tliem as 
rankers. 
Soils derived f rom geological formations other than the Devonian 
red siltstones can be classified as rankers only i f tlie depth to bedrock 
is less than 25 cms - the approximate depth of plougliing. In such 
cases, the top-soil is homogenised and the A/C configuration of die 
litliomorphic soils remains. Where the soil depth to bedrock is greater 
than 25cms, the "non-red" soils invariably exiiibit some colour differ-
entiation (not always distinguishable with the Munsell colour charts) 
warranting a designation as a weathered B (B^) horizon - one of the 
characteristics of tlie Major Group of Brown soils. 
The problem lies in recognising such v^eatiiered B horizons in the 
"red" soils. Avery (1973, p 338) maintains that : "Where such 
horizons cannot be identified by colour differences, they can usually be 
recognised by structural characteristics or by an increase in clay 
content, compared with the original material". This assertion is 
particularly unsatisfactory in view of the well-known resistance of the 
Old Red Sandstone soils to processes of pedogenesis, remarked on 
even in the early stages of su]:veying (Robinson, 1935, p 266):-
"Apart f rom the addition of humus and structural modifi-
cation, they rarely differ f rom the parent geological 
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P I 12 - Soil Profile Description 
0-28 cms A Reddish-brown (SYR 3/4) stony silty 
clay loam, large crumb, good t i l th , 
mod. moist, no mottles, OMlow to 
mod. , occ. roots, rare worms, 
abund. stones (all red siltstone f rag-
ments) (pH 6-4). 
Boundary regular and quite sharp. 
28+ cm_s Red siltstone fragments (up to 5 cms 
across) in finer matrix. 





A. Fragments of red siltstone bedrock brought up 
by ploughing in this thin plateau soil at Sandy 
Haven Farm (8470 0822). 
B. P 112 (8460 0821) Cultivated thin red siltstone 
soil at Sandy Haven Farm. Note size of rock 
fragments. Trowel is resting directly on 
bedrock. 
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formation, and exhibit no mechanical or chemical 
eluviation , , . . . They reflect the character of the 
geological parent material, rather than the operation 
of contemporarj' pedogenic processes. " 
The reason for this resistance to weathering lies in the mineral-
ogy of the source rock. The red siltstones soils (P2 - Fig 4a) are 
composed dominantly of quartz, mica (muscovite) and plagioclase 
feldspar, with subsidiary chlorite, hematite, and perhaps Kaolinlte 
(see Appendix 1 for method). Detailed analyses of the clay minerals 
have not been carried out, although interstratification of other phases 
(Mil lot , 1970) is suspected. 
, However, the major minerals have been shown to be relatively 
stable (Jackson and Sherman 1953 ) . The apparent decline in the 
feldspar (3- 2 A) is most likely to be due either to variations in the 
parent material itself or to the "dilution" effect of quartz added to the 
top-soil (see Chapters 5 and 6). 
Some weathering, however, does take place, accounting for the 
high natural fe r t i l i ty of these soils. Potassium is available in sufficient 
amounts for most crops. On the other hand, regular liming is neces-
sary to maintain calcium levels and to prevent metal toxicity f rom too 
low a pH (Horbaczewski, 1975 - Appendix 3) . 
Hematite, responsible for the red colouration of the Devonian 
rocks and soils derived f rom them, is particularly stable (Oades, 
1963; Gotoh and Patrick, 1974). Eluviation, were i t to occur in the 
red siltstones, would be masked by the strong body colour of the soil 
material and total disintegration to silt grades would be necessary for 
any "bleaching" to become apparent in such situations. 
Fig 4a 
X-RAY DIFFRACTION TRACES (Cavity Mounts) 
GROUND. UNTREATED S A M P L E S 
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In terms of general mineralogy, there is l i t t le difference bet\veen 
the red siltstone soil (P2 - Fig 4a) and the soil derived f rom grey 
Silurian siltstone/sandstone (P8 - Fig 4b); the former displaying a 
higher hematite content (2-71 A) , and the latter a higher feldspar con-
tent (3-20 A). The Ordovician black shales (P22C - Fig 4b) differ 
in that, despite their name, they are deficient in clay minerals (10 A, 
14 A) but r ich in quartz (2-46 A) and feldspar (3-20 A). 
( i i ) Podzols (sensu stricto) Avery, 1973) 
As a general rule, podzols do not occur in the study area. How-
ever, in one small locality the conditions have ]>een sufficient to effect 
eluviation and to produce a small area - in effect, a pedon (Soil Survey 
Staff, 1960) of podzol (Plate 6). 
The virgin soil occurs on a shedding site (I), and has formed in 
one of the sandstone phases of the red siltstone succession. The 
presence of mor humus, together with the extremely permeable soil 
material, has led to strong leaching and the formation of a bright 
sesquioxide horizon. 
Though interesting as an illustration of potential pedogenic 
processes given extreme conditions, the soil is not dealt with in detail 
as i t is completely unrepresentative of the study area as a whole. 
( i i i ) Brown Earths (sensu stricto) (Avery, 1973) 
The brown earths on the "shedding" plateau surfaces character-
istically occur in material derived f rom basic igneous rocks - P21, 
P27 (Appendix 10), or in the glacial t i l l sheets - P 37, P53 (Appendix 
10). They are recongised generally by a colour differentiation into a 
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P86 - Soil Profile Despription 
Q.5 cms A Very dark brown (lOYR 2/2) humi.c (mor) 
° with pale quartz particles (coarse sand) 
very porous. 
Boundary merging (1cm) and reg-ular. 
5-15cms A Rose-coloured (7-SYR 8/3) stony coarse 
sand. Single grain, d i y , OM low, 
abund, quartz pebbles up to Icra across. 
Boundary merging (1cm) and regular. 
15-30cms A , Very pale grey (7- SYR 8/1) sand and fine 
^ sand. Massi.ve. A l i t t le moist, no O M , 
Boundary merging (2 cms) and irregoilar. 
30-40cms Bs Brown sand (7-SYR 5/6) single grain, mod. 
moist, no O M , stony in places. 
40-50cms C Current-bedded conglomeratic sandstone. 
Plate 6 










1 5 m t 2m (50' f 5') 
10°, north-west 
Virgin site 
Fig 4b 71 
X - R A Y DIFFRACTION TRACES (Cavity Mounts) 
GROUND. U N T R E A T E D S A M P L E S 
P 22 C 
P 5 B 
P 8 A 
P 8 C 
^0 ' 38 ' 36 ' h ' 32 ' ' 3 0 ' 28 ' 26 ' 2^ 22 20 16 16 U .2 10 8 6 i 2 
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[ • I ' l l 1—u-
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more yellow sub-soil, and sometimes a structTiral horizon. 
I t is tJie chemica] weathering of the rnafic minerals, such as 
hornblende, pyroxene, cMorite andbiotite, in the basic igneous rocks 
which I'eleases Iron to f o r m coloured horizons. Some of these miner-
al ogical differences become apparent f rom X-ray diffraction analysis 
(Fig 4c). In, contrast to the sedimentary rocks (Figs 4a, 4b), quartz 
is suboi-dinate to feldspar in the basic igneous bedrock. (The reversal 
of this situation in tiie top-soils is an indication of the degree of con-
tamination by "foreign" quartz sand - see Chapters 5 and 6.) Of 
the layer silicates, micas show tJie lowest contents ; P21 has none at 
a l l , while P27 iias a low peak, probably representing biotite. 
Similarly, chlorite is much higlier in content in tiie coarser-grained 
dolerite. Sharp reductions in the chlorite basal reflections in tlie top-
soils, and especially in their relative heights, indicate tiie effects of 
weatliering and a trend towards less iron-rich phases (Petruk, 1964). 
Brown eartlis are also identifiable in the glacial, botii water-
sorted and unsorted, surficial materials, occurring on shedding and 
transmitting sites. A "weatiiered B" horizon is suspected at P 15 
(Plate 8) in water-sorted glacial deposits, although tlie apparent 
horizonation may be a sedimenatry feature. 
Eluviation of hemiatite has been observed in the very unusual 
sitxiation at P5 (Appendix 10; see also Figure 4b) wliere a red siltstone 
"top-soil" has been spread over a disused sand pit. Visual inspection 
and, to a certain extent, X-ray diffraction, indicates the accumulation 
of hematite to fo rm a "coloured B" iiorizon below the transported top-
soil . (The sand pit was in use as recently as 1959 f rom air pliotograph 
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Fig 4c 
X'-RAY DIFFRACTION TRACES (Cavity Mounts) 
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P4 - Soil Profile Description 
0-5 cms A, Brown (lOYR 3/4) silty clay loam, , small 
angular peds, dry, no mottles, abund. 
roots, no stones. 
Sharp and regular bounda.ry. 
5-18 cms 
18-40 cms 
Lighter brown (lOYR 4/3) clay s i l t , hard 
peds up to 0- 5 cm across, dry to mod. 
moist, no mottles, no O M , few roots. A 
few fragments of black shale up to i-Scms 
across (pH4-4). 
Boundary sharp but irregular. 
Orange-brown (10Y.R 4/4) clay s i l t , com-
pact, massive and hard when dry, dry to 
mod, moist, no mottles, O M l o w , very few 
roots, l i t t le fauna (pH4-9). 
Sharp but regular boundary. 
40-160 cms 
160+ cms R 
Black shale fragments in yellowish-grey 
matrix (2'5Y 4/4). Fragments of shale 
aligned parallel to surface. At base, how-
ever, parallel to cleavage plans of bedrock, 
moist, no fauna, no roots (pH6-4). 
Boundary grading. 
Black shale with cleavage. 
Horizon 
Soil Texture Sand Fractions 
MC L O I 
Sand Silt Clay FGr Cos MedS Fines 
30-4 28-7 40-9 7-7 6-5 7-0 8-4 3-6 6-0 
29-0 27-1 43-9 10-5 7-0 6-6 10-6 1-5 4-3 
S 40-1 21-4 38-5 37-3 10- 8 5-8 10-3 1-6 0-1 
See Appendix 1 for Methods. 
Plate 7 
(Stereopair) 









Ordovician black shale 




PIS - Soil Profile Descripti 









Very dark brov/n (7-SYR 2/2) sandy loam, 
loose, porous, large cruinb (1cm), mod. 
moist, no mottles, high O M , roots abund. , 
no stones, 
Boundaj:y merging and regular. 
Dark brown (7-SYR 3/2 ) sandy loam, loose, 
porous, small crumb (0-5cm), mod. moist, 
no mottles, high O M , f req . roots, no fauna, 
no stones (pH 4- 6). 
Bounda.iy merging and regular. 
Brown (7-SYR 4/2) loamy sand, more com-
pacted, small crumb (0-5 cm), mod. moist, 
no mottles. OM mod. , few roots, a few large 
stones. 
Boundary sharp but laterally truncated. 
Orange brown (7-SYR 4/4) stony sand, single 
grain, mod. moist, no mottles, no O M , no 
roots, abund. small stones (2 cms) of very 
varied lithologies (pH 5- 1). 
Boundary sharp but laterally variable. 
Orange-yellow (lOYR S/4 - 4/4) sand with 
black discontinuous thin layers. Single gra in , 
mod. moist •• very moist at base over clay, 
no mottles, ? O M in lenticles up to 1cm thick, 
no roots, no fauna, no stones (pH5-2). 
Boundary sharp. 
Orange (7-SYR 5/4) pebbly clay, very compact, 
very moist, no mottles, no O M , no roots, no 
fauna, f req . stones up to 2 cms of varied l i t h -
ologies. 
Horizon 
Soil Texture Sand Fractions 
MC L O I 
Sand Silt Clay F Gr Co S MedS Fines 
^ 
59-6 22-1 18-3 13-9 7-9 18-3 23- 6 4-5 3-9 
80-6 8-2 11-2 32-9 32-7 12-9 7- 5 2-2 3-3 
92-5 2-7 4-8 6-0 
1 
2-3 60-7 26- 8 0-9 0-8 
Plate 8 
(Stereopair) 










1 5 m ± 3 m (50' ir 10') 
30° , north-west 
Virgin soil 
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ev idence . ) 
"Structural B " horizons are ra re i n the study area and can easily be 
confused w i t h depositional s t r a t i f i ca t ion as at P4 (Plate 7) . Tiie very 
blocky compact "hor izon" is almost cer ta inly slope-wash mater ia l that 
post-dates the stony sol i f luc ted layer . As a slope-wash deposit, i t 
is water -sor ted , and the " s t ruc tu ra l " horizonation may t l ierefore be 
re la ted to this mode of o r i g i n ra ther than pedogenic processes. 
Most of the soi ls fo rmed in tlie plateau t i l l sheets betray a fa in t 
"colour B" hor izon i f tliey are f r ee ly -d ra in ing - as at P25, P37, P57 
(see Appendix 10). They are ve ry var iable i n texture and m.ineralogy, 
but where they are ve ry th in , as at P25 (F ig 4a), they d i f f e r but l i t t l e 
f r o m the bedrock-der ived soils - i n this case red sil tstone, exemplif ied 
by P2 (also Figure 4a). Where drainage is impeded in t i l l sheets, the 
soi ls d isplay gleying and are c lass i f ied as stagnogleys. 
Perhaps the greatest d i f f i c u l t i e s i n so i l c lass i f icat ion are posed 
by the "cumula t ive" red siltstone soi ls . The concept of "cumulative" 
and "non-cumulat ive" soils has been outlined already (see section 1.2). 
I n the case of the r ed silstone so i l s , tlie "cumulative" phases appear i n 
p r o f i l e to be undifferent ia ted - at best they display a horizon r icher in 
organic matter near the so i l surface; at wors t they appear to be 
pe r fec t ly homogenous. "Thickened" soils (P81 - P83 - Appendix 
10) have been found at the lower end of the St Brides topographical 
t ransect and some of d ie i r propert ies are described in la ter sections 
( 5 . 4 . 5 , 6 . 4 . 5 ) . 
S t r i c t l y spealcing, according to Avery ' s (1973) c lass i f ica t ion , 
these soi l s are rankers - w i t h bedrock or the C horizon at less than 
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40cms depth. However, they d i f f e r suf f ic ien t ly i n genesis ( i . e . , 
"cumulat ive" ra ther than "non-cumulative") to be treated separately. 
( iv ) Ground-water Gley Soils (Avery, 1973) 
Gleying, caused by the reduction, and sometimes removal , o f 
i r o n (Blume and Schwertmann, 1969) is associated wi th conditions of 
t emporary or permanent waterlogging wi th in the soi l p r o f i l e . Mois ture-
rece iv ing sites ( I I I ) by reason of their re lat ive topographical posit ion 
are not only heavily affected by percolat ing moisture but also by the 
main body of "ground water" - tlie surface of which is expressed in 
a wa te r - t ab le . The l eve l of the water- table w i t h i n the so i l p ro f i l e is 
also subject to seasonal f luctuations. When soils are gleyed to wi th in 
40cms of tlie so i l sur face , they are c lass i f ied as ground-water gley 
soils (Avery , 1973). 
Examples of gleyed soils i n the study area are given by P7 
(Hate 9 ) , P13 (Appendix 10), P 14 (Plate 10) and P16 (Plate 11). P7 
(Plate 9) represents a gleyed soils fo rmed in mater ia l derived f r o m tlie 
under ly ing Si lur ian grey siltstone/sandstone. S t r i c t ly speaking, as i t 
has a heavy clay ( a r g i l l i c ) hor izon , i t f a l l s into f±e a rg i l l i c gley soils 
Group (Avery , 1973). P 13 does not have such a pronounced a r g i l l i c 
hor izon and is better regarded as a cambic gley s o i l , although there is 
some evidence f o r f l u v i a l deposition of the so i l mater ia l (see section 
6. 2), which m.ay qua l i fy i t as an a l luv ia l gley so i l . 
Cer ta inly P14 (Plate 10) belongs to this l a t t e r Group, w i th even 
a bur ied sequence of the top-so i l horizons tes t i fy ing to recent deposition 
of f r e s h a l l uv ium. 
Where so i l waterlogging is permanent and strongly reducing 
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P7 - Soil Prof i le Descr ip t ion 










Dark grey b rown (2 - 5Y 3/2) clay l o a m , 
p las t ic , non-s t icky , moist to very mois t , no 
mot t les , O M m o d . , abund. roots , no stones 
(pH 6 .9) . 
Boundary sharp and regu la r . 
Grey-brown w i t h a few orange-yellow patches 
(lOYR 6/4 and 10YR 4/3 respect ively) , Si l ty 
c lay , p las t ic , mod. moist to waterlogged jus t 
above lower boundary, a few mott les , O M 
mod. to l ow , few roo ts , few stones ( p H 7 - 0 ) . 
Grey (lOYR 6/8) and orange (lOYR 7-1) . 
Hea\i^^ clay wi th some sand, ve ry massive, 
p las t ic , ve ry moist but not waterlogged, no 
O M , no roo ts , a few stones up to 1 c m across 
of g rey sil tstone (pH 7-0) . 
Boundarj'^ sharp and aregular. 
Predominantly orange (lOYR 5/4) w i t h g rey 
mottles (7-5YR 5 /8) , and red patches (lOR 
3 /6) sandy c lay , p l a s t i c , moist to ve ry mois t , 
abund. mot t les , O M l o w , no roots , abund. 
stones - miostly g rey s i l ts tone, some igneous 
( p H 6 - 9 ) . 
Boundary merging and regular . 
Grey siltstone f ragments . 
Grey clay (5GY 6/1) water- table l eve l i n p i t , 
abund. f r a g s , of g rey sil tstone in v e r y heavy 
c lay . 
Hor izon 
Soil TextTire 
M G L O I 
Sand Si l t Q a y 
^1 20-8 .57-0 22-2 3-9 7-2 
19-2 58-6 22-2 2-7 5-5 
\ 13-0 52-0 35-0 1-6 1-9 
\ 31-3 42-3 26-4 1-8 2 . 1 
i 
Plate 9 
Soil Profi le - P7 
Location 
Topo-drainage Class 
"Parent M a t e r i a l " 
Altitude 




Si lur ian grey siltstone 
9 m + 2 m (30' + 5') 
10° , south-west 
Grass 
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F14 - Soil Prof i le Descr ip t ion 
0-1 cms ^1 Dark organic mat (lOYR 2/1) . s i l ty clay l o a m , 
v e r y porous, no c r u m b s , mod. mois t , no 
mot t les , O M ve ry h igh , abund. roots , no 
stones. 
Boundary merging and regular . 
1-4 cms Dark brown (lOYR 3 /4) s i l t y clay l o a m , porous , 
l i t t l e to mod. mois t , no mott les , O M high, 
abund. roots , no v i s ib l e fauna, no stones. 
Boundary merging and regular . 
4-5- 5 cms 
^3 Grey (lOYR 4/2) s i l t y clay loam, mod. p las t i c , 
compact, mod. mois t , no mott les , O M h i g h , 
abund roots , no v i s ib le fauna, no stones. 
Boundary sharp and regular . 
5- 5-8 cms Buried equivalent of A ^ . 
8-9 cms Buried equivalent of A ^ . 
9-11 cms Buried equivalent of A . 
o 
11-19-5 cms \ Dark reddish-grey (SYR 4/2) s i l ty c lay , less 
compact than under ly ing claj^s, mod. p las t i c , 
l i t t l e to mod. mois t , O M h i g h , roots r a r e , 
abund. sma l l red si l tstone f rags ( p H 5 - 9 ) . 
Boundary'- mierging and regular . 
19-5-63 cms B 
2g 
63-78+ cms G 
Orange (2-SYR 5/8) and grey (N/5 ) mot t les . 
Orange colourat ion also along root channels. 
S t i f f s i l t y c lay , mod. mois t , O M mod. , l i ve 
roots r a r e , stones r a r e , no fauna (pH 6-2) . 
Boundary merging and regular . 
Grey (N/5 ) s t i f f s i l t y c l ay , ve ry p las t i c , mod. 
mois t , ve ry few mot t les , streaks of orange 
b rown , O M m o d . , rus t coloured root channels 
(2-5YR 5/8) , no l i ve roo t s , no fauna, no stones 
(pH 6-5) . 
Hor izon 
_ 
Soil Texture Sand Fract ions 
MC L O I 























Soil Profi le - P14 
Location 
Topo-drainage Class 
"Parent M a t e r i a l " 
Altitude 




Al luv ium 
5 m t 2 m (15' * 5') 
Flat 
Long- te rm grass 
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conditions are allowed to pers is t , there is a gradual accumulation of 
organic matter due to a reduced rate of bacter ia l ac t iv i ty . The soi l 
p r o f i l e at P16 (Plate 11) is very humose and therefore classif ies as 
a humic gley soi l (sensu s t r i c to ) (Avery , 1973). The. soils wi th in 
Marloes Mere i t s e l f , although not examined, are expected to have 
peaty top-soi ls at least , and can therefore be assigned to the raw 
peat soi ls Group. 
For the sake of completeness, the saltings of the Lower Gann 
Va l l ey , questionably so i l s , are heavily affected by sea-water and can 
be allocated to the raw sandy gley soils Group, 
I t should be mentioned that none of the typical orange/grey co l -
ours indicative of g leying were found in the red si l tstone. Hematite 
is p a r t i c u l a r l y resis tant to reduction (Cades, 1963; Gotoh and 
Pat r ick , 1974), accounting f o r the general absence of typical gley co l -
ours i n these soils (Moore , 1973). Moreover , i t Is l ike ly that the 
s t rong red colourat ion would mask tlie gleying colours . 
Instead, such conditions are usually suggested by tlie occurrence 
of manganese cutans, which are also regarded as more sensitive 
indicators of reducing environments (Gotoh and Patrick, 1972, 1974). 
Heavy manganese staining has, in fac t , been encountered in the 
channel soils - P70, P71 and P73 - at Broomhi.ll F a r m , Dale 
(Appendix 3 - sites A , B and . C). 
(v) Stagnogley Soils (sensu s t r i c to ) (Avery , 1973) 
Stagnogley soils (sensu s t r i c to Psaadogley - Avery , 1973) 
include those wi th impeded drainage or excess surface wetness. Where 
they are of suf f ic ient extent, a "perched" water- table may resul t . As 
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P16 - Soil Prof i le Descr ip t ion 
0-10 cms V e r y dark b rown (lOYR 2/2) sandy l o a m , 
porous, l i t t l e to mod. mois t , no mot t les , 
O M l i igh to ve ry h igh , abund. roo ts , f r e q . 
w o r m s , r a re stones. 
Boundary merging and regular . 
10-20 cms Very dark b rown (lOYR 2/2) sandy l o a m , 
more compacted but s t i l l mod. porous, mod. 
mois t , no mot t les , O M high to ve ry h igh , 
f r e q . roo t s , f r e q . w o r m s , occ. stones up to 
2 cms ( p H 5 - 8 ) . 
Boundary sharp and i r r e g u l a r . 
20-22 cms Very dark b rown (7- 5YR 3/2) s i l ty l o a m , 
loose and f r i a b l e , mod. mois t , no fauna, 
no stones (pH 5-7), 
Boundary sharp and regular . 
22-25 cms 
25+ cms 
Orange-brovi/n (SYR 4 /4 ) sand. Cemented but 
c r u m b l y , mod. mois t , no mott les , no O M , 
no r o o t s , no fauna, ve ry smal l stones up to 
0 -5cms across ( p H 4 - 9 ) . 
Boundary merging and i r r e g u l a r . 
Coarse orange sandstone (Silurian) 
Hor izon M C L O I 
8-3 12-7 
3-8 12-9 
c 3-7 9-3 
Plate 11 
Soil Profi le - P16 
Location 
Topo-drainage Class 
"Parent M a t e r i a l " 
Altitude 




Skomer volcanic series 
(sst) 
5 2 m T 3 m (170' ± 10') 
5 ° , south 
Barley stubble and grass 
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in tJie ground-water giey soi l s , v^'aterlogging leads to reducing condi-
tions and gieying. In the study area, stagnogleys are most l ike ly to 
be found in the plateau t i l l sheets where they are suf f ic ien t ly clayey. 
A good example was found at PIO (Appendix 10) wiiere strong 
gieying is found despite i ts "shedding" topo-drainage position (see 
sections 3 .4 and 6. 2). The channels in the B, hor izon may be due 
to the act ion of deep ploughing or subsoiling, effected to counteract 
die poor drainage of the s o i l . 
4 . 4 . 2 Soil Texture 
Soil texture plays an important role in the descript ion and clas-
s i f i ca t ion of soils and is considered to be one of the p r i m a r y d i f f e r en -
t ia t ing c r i t e r i a (Avery , 1973). I n some instances, soils have been 
mapped on the basis of t ex lura l parameters (Van Ruymbeke and De 
Leenheer, 1965; Vandamme and De Leenheer, 1972). As a crude 
indicator of par t ic le size d is t r ibut ions , soi l texture analysis can serve 
as the f i r s t step in pedogenetic studies. 
Size L i m i t s 
The designation of three size classes - sand, s i l t and clay -
requires the selection of sharp, but "natural" , size l i m i t s . The 
c r i t e r i a f o r tlie Amer ican ( U S D A ) system (2 ,000; jm - 50pm -
sand; 5 0 y ! j m - 2 / i m - s i l t ; < 2 > j m - clay) are described in tlie repor t 
o f a Special Committee set up to investigate "part icle size scales of 
earthy mate r ia l s" (Committee Report, 1967). Br i t i sh Standards 
l i m i t s recommended by Avery (1973) d i f f e r only i n the divis ion between 
sand and s i l t , which is placed at 6 0 p m instead of 50 um.. S t r ic t ly 
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speaking, the f o r m e r f igure is more ra t iona l , as the geometric size 
in tervals are then equal. 
Size (pm) JBritish L i m i t s Amer ican L i m i t s 
2,000 -1-00 -1-00 
60 +4-0 0 
50 +4-3 0 
2 +9-0 0 +9-0 0 
(0 = logar i thmic size scale devised by Krumbein , 1934). 
However, whichever scale is used, the intervals (of about 
5 0 un i t s ) are too great f o r detailed work , and tlie soi l texture is 
dealt w i t h but b r i e f l y here wi th more detailed size dis t r ibut ion aaalysis 
in Cliapter 6. 
Study Area 
T h i r t y - n i n e samples representing the top-soils of the study area 
(see Appendix 2) were taken on a f ree survey basis , v/ith due care f o r 
2 
propor t iona l representat ion, at a density of about one sample per k m 
(F ig 4d). Complex areas, such as the south of St Ishmael 's Parish, 
have been omitted as adequate sampling of area l ly smal l soi l units is 
d i f f i c u l t (Rudeforth, 1969). Grid-square sampling over the study area 
has, in. f ac t , already been ca r r i ed out at the same density (one sample 
2 
per k m ) , and p r e l i m i n a r y results have been published (Rudeforth and 
Bradley) . 
In te rms of so i l texture , the s i m i l a r i t y between the soils of the 
study area is ve ry marked. The ma jo r i t y of the soils f a l l into the 





This d i f f e r s somewhat f r o m their f i e l d assessment as s i l ty clay 
loams - probably a resul t of the d i f f i c u l t y in dist inguishing between 
f ine sand and coarse s i l t by " fee l " . The f ive outermost sample 
points (F ig 4e) include P15 (58- 1% sand), P36 (39- 8% clay) , P13 
(42-5% c lay) , P 14 (50- 1% s i l t ) , P53 (20-4% clay) . Most of these 
are somewhat unusual i n that they are not derived f r o m bedrock or 
plateau t i l l sheets : P15 Is situated in a water -sor ted , sandy 
g lac ia l deposit (Plate 8); P13 (Appendix 10) and P14 (Plate 10) are 
s t rongly gley a l luv ia l mater ia ls ; P53 (Appendix 10) is located in a 
ve ry stony t i l l sheet; P36 (Appendix 19) is the only soi l which is not 
exceptional and, indeed, is not f a r removed f r o m the main body of 
data points (Fig 4e). 
The close c lus ter ing of soi l textures may resu l t f r o m the text-
u r a l s i m i l a r i t y of the bedrock sediments v^hich are dominated by f ine 
sandstones and siltstones of the S i lur ian and Devonian Formations. 
Weathering of such mater ia l tends to produce constant proportions of 
s i l t and clay (Stewart, Adams and Abdulla , 1970), which together 
w i t h sand-sized rock fragments account f o r the overa l l loamy 
texture . On the other hand, a s trong influence on tlie top-soi l texture 
may be exerted by addit ion of extraneous mater ia l - a point investigated 
in more deta i l i n succeeding chapters. 















SAND FRACTION (2000 -60>im) 'UW. 
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CHAFTER 5 
ORIGIN OF THE SOIL SAND FRACTION 
L I T H O L O G I C A L COMPOSITION 
5.1 INTRODUCriON 
One of the problems that emerged in the course of f i e ld survey 
was that of dist inguishing and ident i fying soi l "parent mater ia ls" . 
This is of considerable importance in the accurate predict ion of soi l 
p rope r t i e s , and of param.ount importance in a study of soi l genesis. 
V e r y of ten , bedrock-der ived regol id i was found to grade la te r -
a l ly and impercept ibly into th in , patchy t i l l sheets o r , even worse, 
into co l luvia l ly- th ickened slope ma te r i a l . The delineation of the 
g lac ia l deposits by the Geological Survey was found to be unsatisfactory 
(see section 3.5), as " super f ic ia l ma te r i a l " less than a metre or so 
in thickness liad general ly been considered to be geologically insigni-
f icant . 
In the case of so i l s , on the other hand, the thickness of such a 
deposit needs to be l i t t l e more than a plough layer to be genetically 
impor tant . This indeed proved to be an additional problem, par t icu-
l a r l y in those areas where the " super f i c i a l " cover was so thin that i t 
could not be recognised on a i r photographs. 
The usual teclinique adopted by pedologists f o r resolving such 
cases involves a composit ional analysis of the heavy mineral suites of 
the fine sand or s i l t f rac t ions (Bullock and Loveland, 1974). Though 
su f f i c i en t ly accurate f o r most purposes, this technique has the great 
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disadvantage of being very arduous, and would have been imprac t ica l , 
in t e rms of t i m e , f o r the number of samples available. 
An al ternative J^ut analogous technique was evolved of analysing 
the l i t l io log ica l compoation of the coarse sand f r a c t i o n . I t was reasoned 
that quartz of this size would be a good indicator of glacial ( i . e . , 
fo re ign) ma te r i a l , as none of the geological formations wi th in the study 
area (F ig l b ) are potential sources. The only exception possible is 
tha t of the sandstone phases associated wi th the Devonian red siltstones, 
but these are ra re and, in any case,easily distinguished f r o m quartz of 
g lac ia l o r i g i n . 
5.2 METHODOLOGY 
Four l i tho logica l groups were distinguished and have been applied 
liiroughout the analysis:-
( i ) Red siltstone 
( i i ) Quartz 
( i i i ) Coal 
( iv ) "Other l i thologies" . 
( i ) Red siltstone rock fragments were easily recognised by their strong 
maroon colour and by their f ine-grained texture - component s i l t grains 
only becoming v is ib le under m.agnification (see section 6. 6). The s i l t -
stones were often accompanied in the f i e l d by sandstone phases of the 
same "Red M a r l s " sedimentary uni t . These coarser phases had to be 
assigned totlie group of "other l i thologies" , however, to maintain 
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methodological consistency. V/liere such a phase became sufficiently 
important locally in a soil , its presence would be betrayed by an 
anomalously high level of the "other lithologies" class. 
( i i ) Quartz grains were encountered in a variety of shapes and colours 
(Plate 12A). Grains derived recently from bedrock appeared corroded 
a nd irregular, and Vv'ere often stained brown. The most probable 
sources were the occasional phases of the Devonian formation. The 
majority of quartz grains, however, were clearly of foreign origin. 
One variant included very rounded, colourless frosted grains, rarely 
exceeding 600>Jm in diameter, and probably of aeolian or fluvial/marine 
origin. The other type was represented by very angular, clear 
fragments, clearly of glacial derivation. 
( i i i ) Coal emerged as an unexpectedly common constituent of the soil 
sand fraction - i t was almost ubiquitous in top-soils, and in some cases 
became very important. Both fresh and corroded examples were noted, 
but the former were predominant. The black grains were generally very 
angular, with a high lustre and often conchoidally fractured (Plate 12B). 
Close examination of larger fragments (up to 1cm across) proved 
conclusively that this was real coal and not cliarcoal. 
(iv) The group of "other lithologies" comprised, in most cases, a 
mixture of minor litliologies. Many were unidentifiable, though some 
were thought to be pieces of slag, volcanic rock, and rock fragments 
f rom formations other than the Devonian. Only in a few cases did this 
class assume importance where the subadjacent rock was not red sil t-
Plate 12 
P75 (5-15cms) Location 8131 0524 
A. Quartz grains f rom sieve fraction (600;jm-420>jm) 
At left - Yellow-stained, very angular grain, 
probably derived f rom sandstone 
Lower - Very rounded, frosted grains of probable 
marine/aeolian origin 
Upper - Very angular, clear grain of glacial origin 
1000 urn 
B. Coal fragments f rom sieve fraction (600>m-420>jm) 
Note high lustre and angularity 
90 
stone, or where tliere was an intrusion of a sandstone phase as 
mentioned earlier. 
Various methods of estimating and quantifying tlie proportions of 
these lithological groups were tested. Initially a visual categorisation 
into frequency classes was attempted (section 5.3). Pliysical separ-
ation techniques involving magnets, specific gravity liquids and even 
colorimetric methods were attempted but found to be lacking in accur-
acy and precision. 
It also became apparent that i t was not sufficient to determine 
the proportions of the lithologies (a "relative" measure), but tliat 
tlieir absolute contents in tlie soil were of more significance. The 
only suitable technique necessitated hand separation and counting of 
sand grains. Clearly this was only practicable with the coarsest 
sand grains where numbers were manageable. Even so, tlie analysis 
proved very arduous. Total number counts per sample ranged from 
100 to over 2,000 grains. 
Weighing of the separated lithological groups was found to be 
unreliable owing to differences in shape, densitj^- and size distribution 
between the groups, and even witliin the lithological groups. 
5.3 COARSE, MEDIUM, AND FINE SAix^ D FRACTIONS 
Init ial analyses included a visual assessment of the proportions 
of litliological groups in the three sand fractions described in section 
6.3. Results are summarised in Table 5(i). 
The most notable trend in the top-soil samples (5-15cms) is 
TABLE 5(t) 
Lithological Composition of the Three Sand Fractions 
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Sample 







RS Q C 0 . RS Q C 0 RS Q C 0 
P 2 (0-10) d i c r c d i r 
(10-20) d i i j a a i r 
P 3 (5-15) d r i i a a i r 
(30-35) d r r r a a r X 
P 4 (5-15) r r r d c d n c 
(20-25) n r n d i f n f 
(50-55) n n n d 1 r n d 
P 8 (5-15) c r i d c a f r 
(25-30) c r n d c f n f r—i 
P15 (5-15) c c r c r f r f cd I—1 
P20 (5-15) r f r f r d r c Ct) 
(30-35) r d r c r f r f > 
P22 (5-15) r r r d 
P24 (5-15) f r c f c c c c o 
(25-30) r n r d i n n d 
(35-40) d n n i f i n c 
P25 (10-20) f f f i f f f i 
(45-50) c a n c r 3. n i 
P26 (5-15) a i i r f f i r 
(20-25) d i r i f f r n 
P27 (5-15) c f i f r a i r 
(20-25) c f n f i f n f 
P28 (5-15) d i i r d c i r c d r r 
P29 (5-15) f f i r c d n r i d r c 
P30 (5-15) d i r c i d n r i d n r 
P31 (5-15) d c i r f f n r i d r r 
P32 (5-15) d c i i c d n r t d r r 
P33 (5-15) d i I i c d r r i d r r 
P34 (5-15) i a i i i d r i i d r r 
P35 (5-15) f c r f c a r c r d r i 
TABLE 5(i) (Continued) 
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Sample 







RS Q C 0 RS Q C 0 RS Q C 0 
P36 (5-15) i r i d i f r a i d r i 
P37 (5-15) d i r i f f r f i . d r r 
P38 (5-15) d i i r ± f r r c d r c 
P39 (5-15) d c i i f f r r c d r i 
P40 (5-15) d i r i f f r r c d r r 
P41 (5-15) d r i r f f c r c d r r 
P42 (5-15) d r i r f f r r f f r i 
P43 (5-15) d r i r a c r r f f r r 
P44 (5-15) d i r i d c r r d c r i 
P45 (5-15) d n • c r f f f X r c d c i 
P46 (5-15) d n r r f f r r c d r i 
P47 (5-15) c c c c i d i i i d r i 
P48 (5-15) d r i r d c i r d c r i 
P51 (5-15) r n r d r c r d f f r c 
P52 (5-15) i r i d r d i i 
P53 (5-15) 1 c d c i d c r 
Not Available 
P55 (5-15) d n 1 i d i r c 
P56 (5-15) i i r a i d c c 
Abbreviations: 
RS - Red Siltstone; Q - Quartz; C - Coal; O - Other Lithologies. 
d - dominant, approximately 80% 
a - abundant, approximately 80-50% 
f - frequent, approximately 50-30% 
c - common, approximately 30-10% 
i - infrequent, approximately 10-5% 
r - rare, approximately 5% 
n - n i l , approximately 0% 
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the increasing dominance of quartz with decreasing grain size. That 
this quartz is of foreign origin is evident from^ its appearance - in 
contrast to tlie occasional grains in the coarse sand fraction (2,000jjm 
to 600jjm), the quartz of the medium and fine sands (600;jm to 200jum, 
200>im to 60jjm, respectively) is frequently colourless, single-grained 
( i .e . , not polycrystalline) and either very angular or well rounded 
(Plate 12A). The decline of the proportion of quartz down the soil 
profile (clarly seen in P4 and P24 - Table 5(i) ) is additional evidence 
of its introduction at tlie soil surface and not f rom bedrock. 
As a result, it is only tlie coarse sand fraction (2,000jJm to 
600jjm) that clearly reflects tlie origin of the soil "parent material". 
Red siltstone fragments are found to predominate in soils derived either 
directly f rom this litiiology or indirectly in colluvially "thickened" 
deposits. Where other lithologies are present underlying soils, these 
assume dominance in the coarse sand, as at P4 (black shale), P8 
(grey siltstone/sandstone) and P22 (black shale). Quartz only becomes 
a significant component of the coarse sand fraction where the soil mat-
er ial is of glacial or fluvio-glacial origin (as at P25 and P 15 - glacial 
and fluvio-glacial respectively). It is rare for coal to be entirely 
absent f rom the coarse sand, and in one case (P53) it is the major 
constituent. 
One of the problems which very rapidly came to the fore in the 
course of analysis and interpretation of the results was that the 
frequency values, apart f rom lacking fu l l quantification, applied to the 
proportion of one lithological group relative to tlie otliers within a 
single coarse sand fraction. No account was taken of tlie absolute size 
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of this lithological group. It was entirely possible that a constant 
amount of quartz would appear to diminish down the soil profile simply 
because the other constituents increased. 
It also became apparent that a subdivision within the coarse sand 
fraction (2,000>jm to 600>jm as recommended by Avery, 1973) would 
greatly improve its efficiency as an indicator of the parent litholog3^ 
This was because the quartz contaminant was found to decline rapidly 
above a size of about l,.000jum (1mm) and, therefore, above this l imi t 
tlie sand fraction became almost fully representative of its "parent 
material". 
5.4 THE COARSEST SAND FRACTION 
5. 4. 1 Presentation 
In the succeeding analyses, only the coarsest sand fraction (some-
times referred to more simply as coarse sand, but having a size range 
of 2,000>iu to 1,200pm, instead of 2,000>im to 600jjm) has been 
examined. 
Three parameters were obtained:-
(i) The weight percentage of the entire coarse sand fraction 
(2,000>im to l,200jjm) in the Fine Earth fraction 
(<2,000>im). 
( i i ) The "absolute" number of grains of each lithological 
class in the coarse sand fraction (2,000pm to l,200_pm) 
present in lOOgms Fine Earth (<2,000>UTI) - effectively 
serving as a reference base. 
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( i i i ) The "relative" proportion of the lithological classes 
(by number of grains) within the coarse sand fraction 
(2,000jjm to l,200;jm). 
In effect, the "absolute" parameter functions in an open number 
system with almost complete independence of the lithological classes 
(in the extreme case where al l lOOgms of the Fine Earth were com-
posed of the coarsest sand fraction, some 20,000 grains would be 
involved, thereby providing a high "ceiling" for number counts), 
whereas the "relative" measure has die advantages and defects of a 
closed number system. 
One major problem of the latter, as mentioned already, is its 
ambiguity. A content of 20% may refer to one grain in five, ten in 
50, or 100 in 500. Thus high "relative" contents of a particular litho-
logy may simply be due to a very low overall coarse sand content. 
Where contamination is suspected, the distinction between 
"relative" and "absolute" contents becomes particularly relevant. 
If there has been uniform deposition of a contaminant (as may happen 
under aeolian action), then its "absolute" content should remain con-
stant, though its "relative" content would depend on the amount of 
other lithologies already present in the soil coarsest sand fraction. 
Two qualifications need to be recorded in this context:-
(i) The "absolute" content is tied to a base of lOOgms of Fine 
Earth. If this base were enlarged, the measure would 
become even less constrained. 
( i i ) Few contamiinants are composed solely of one distinctive 
litholog^-. In this case, quartz is clearly of foreign origin. 
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particularly when it is well rounded or very angular and 
clear. However, some sand-sized rock fragments may 
also be incorporated, although they would not be 
immediately recognisable as such. 
In order to piresent the results, two types of graph have been 
designed (Fig 5a). The vertical axis in both depicts the overall content 
by weight of the coarsest sand fraction (2,000jjm to 1,200pm) in 
100gms of Fine Earth (<2,000jjm). The horizontal axis is used to 
represent tlie lithological composition of tihis coarsest sand fraction in 
either "relative" or "absolute" terms. 
The two types of graph are, in fact, related, as shown in Figure 
5a. For example, points A, B and C all represent samples with differ-
ent weights of overall coarsest sand but with a constant proportion 
(10%) of a particular lithology within that coarsest sand fraction. In 
"absolute" terms, however, C has only 40 grains; B with three times 
the overal l weight of coarsest sand has therefore 120; and A plots off 
the graph with five times as many - 200. 
Conversely, points C, D and E define samples of Fine Earth 
with a constant content of the overall coarsest sand fraction (2 gms in 
100gms of Fine Earth) but with varying proportions of a particular 
lithology - C has 10%, D has 30% and E has 50%. Wlien plotted on the 
"Absolute" graph, C rem.ains at 40 grains, D has three times as many -
120 grains - and E falls outside the graph with five times as many -
200 grains. The maximum content possible - 100% - would plot at 
about 400 grains for an overall coarsest sand content of 2 gms in 
100gms Fine Earth, and it is f rom such a calculation that tlie line of 
Fig 5a 
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maximum content is constructed. 
The gradient of this maximum boundary line is, therefore, 
scale-dependent, although the "absolute" content graph itself remains 
orthogonal. Tlie two axes are iudepencfejit because they measure two 
entirely different properties - one is the content of tlie coarsest sand 
fraction in the Fine Earth, and the other is the lithological composition 
of that sand fraction. 
5.4.2 Sampling 
Sampling for the succeeding analyses was confined to three sub-
areas (Fig 5b) owing partly to research requirements and partly to 
f i e l d work limitations. Also, in order to ensure comparability? of sites, 
only level upland areas with Devonian bedrock and associated superficial 
deposits have been considered. Two large airfields, simated at 
Talbenny and Dale (Fig la) have been avoided as soils bore signs of 
considerable disturbance. 
The composition of the coarsest sand fraction (2,000pm to 
l,200>im) was determined for 63 samples, mostly of cultivated top-
soils, with six so-called "duplicate" samples, each taken f rom a 
single plough layer though at different levels. 
5.4.3 Red Siltstone Content 
The "absolute" content of red siltstone in the coarsest sand 
fraction (2,000jjm to l,200jum) of soils associated with the Devonian 
Formation is a measure of tiie degree of derivation f rom bedrock. The 
thin plateau soils have the highest levels,with a minimum of about 700 
grains per 100gms Fine Earth (Fig 5c, see Appendix 5 for raw data). 
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Fig 5b 
DISTRIBUTION OF SAMPLING SITES ^ 
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This is followed by a transition zone of 700-500 grains per lOOgms Fine 
Earth, occupied by soils of uncertain origin (PlOl , P105), soils near 
the edges of t i l l sheets (P59), some slope-thickened soils (P79, 
P83) and some exceptional glacial t i l ls (P64, P96). Below this 
range, thin plateau soils are rare,and glacial material, both sorted 
and unsorted, predominates together with 'die remaining slope-
thickened soils. 
The results are not unexpected. The thin plateau soils reflect the 
proximity of the bedrock in their high "Absolute" contents. I t is 
interesting to observe that the bulk of these soils f a l l Vv'ithin l imits 
that are quite sharp and not very broad. The much lower contents of 
the so-called "slope-thickened" soils indicate the non-availability of 
die underlying bedrock. These soils are f i r s t l y composed of finer 
slope-wash material, and secondly are underlain by bedrock that is 
beyond the reach of the plough (unlike the case of the thin plateau 
soils). 
Both unsorted and sorted glacial material is very variable in its 
lithological composition. Unsorted t i l l displays a broad range depend-
ing on the vagaries of erosion and deposition of the ice and availability 
of the red siltstone. In some cases (P96, P64) a considerable amount 
of local bedrock appears to be present in the t i l l , and red siltstone con-
tents are high, though clearly not approaching the levels in the thin, 
plateau soils. Water-sorted glacial material is also subject to this 
variabil i ty, and also to the effects of sorting which control the 
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5.4.4 Contamination of the Coarsest Sand Fraction 
While the red siltstone contents indicate the degree of influence 
of underlying bedrock, they give no inform.ation about the intensity of 
contamination by material of foreign origin ( i .e . , derived f rom outside 
the study area). For this, it is necessary to refer to tlie lithological 
group of quartz and "other litiiologies". 
In sharp contrast to red siltstone, tiie "absolute" quartz content 
is not very effective in distinguishing the soil types (Fig 5e). Indeed, 
the ranges of "absolute" quartz content are of the same order for al l 
samples, except water-sorted glacial material (as noted before, defi-
cient in total coarse sand content). The possibility exists, therefore, 
that tlie quartz lias a common origin. 
I t is only when the "relative" contents of quartz are examined 
tliat distinctions can be drawn between soil material types (Fig 5d). 
The proportions tend, as a general rule, to be complementary to the 
major constituent - red siltstone. TJius, glacial materials display 
the highest percentages, with intermediate values for "thickened" 
soils, and the lov/est values for the plateau soils. 
The vertical axis assumes greater importance in these graphs, 
suggesting that the weight percentage of overall coarsest sand content 
in the Fine Earth may, in itself, be a useful criterion of origin of the 
soil material. Thus, only a few of tlie thin plateau soils have coarsest 
sand contents less than 4% (Fig 5d). Moreover, they have "relative" 
quartz contents rarely exceeding 10%. 
On the "absolute" quartz content graphs (Fig 5e) a boundary can 
be drawn around the entire field of plots of thin plateau soils which 
lo; 
Fig 5d 
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corresponds to a maximum "relative" quartz content of about 9%. 
Tliis boundary is reproduced in subsequent graplas to serve as a 
reference line in distinguislnng soil material types. 
Predictably, the group of "other lithologi.es" is much weaker as 
a basis for classification (Figs 5d and 5e). Such a group includes not 
only truly foreign material from outside the study area, but also local 
variants of bedrock that cannot be allocated to the "red siltstone" class. 
Hence, there is considerable variability in material of glacial origin, 
in soils formed in coUuvium, and in some cases in the plateau soils. 
The y-axis emerges as more powerful in separating the soil 
material types than the lithological composition axes. "Relative" 
contents of "other lithologies" (Fig 5d) show an increase in the 
"thickened" and glacial materials, but in "absolute" terms (Fig 5e) 
the situation is reversed. The thin plateau soils exliibit, in fact, greater 
contamination by the "otlier lithologies" in most cases, probably re-
flecting the influence of local lithological variants in the Devonian red 
siltstones, and certainly so in the extreme case of P 119 (appendix 5). 
5.4.5 Quartz as a Contaminant 
The fore-going results showed that quartz was the clearest indi-
cator of contamination from external sources, and that it was more 
important to consider "absolute" contents rather than "relative" con-, 
tents. In this set of six studies, small areas have been selected and 
interpreted in the light of their "absolute" quartz content distribution. 
As indicated earlier (section 5.4.1), the "relative" contents can be 
determined from tliese graphs, and a reference line at about 9% 
Fig 5e 
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"relati\'e" quartz content; is included as the boundary for the thin 
plateau soils (see Figure 5e). 
Pearson Farm, St Brides Ph (Fig la) 
Samples PI01 and PllO belong to a problematical plateau area 
(Fig 5f) in which the soil material is of uncertain origin. P 104 and 
P105 especially, are anomalous in that they are very light-textured 
even at 50 cms depth. 
The graph (Fig 5f) only partly bears this out. P104, P105, but 
also PllO and P101,plot near or outside the boundary line. Tlae 
"absolute" quartz content, particularly in the three latter samples, 
is higher than at P 106 (unquestionably of bedrock derivation) and P102 
and P103 (probably derived from bedrock), 
A possible explanation is that the whole area was originally 
covered by a thin t i l l sheet - the source of quartz. Soils along the 
western edge of the plateau - P 102, P 103 and P106 - may have re-
ceived less glacial material, or may have been eroded preferentially by 
slope processes, resulting in a reduced "relative" quartz content 
from the incorporation of more bedrock fragments. 
PIOI, in keeping with such a hypothesis, bears the highest 
"absolute" quartz content by its location in the centre of the plateau 
where the t i l l sheet would have been least affected by erosion. P104, 
P105, and P 100 may have experienced water-sorting. P 104 in partic-
ular, may be related to the channel draining north-west\vards in which 
P94, with strongly sorted sediments, is situated. 
The degree of derivation from bedrock is clearly indicated by 
Fig 5f 
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the "absolute" red siltstone contents (Fig 5c) - P102, P103 and 
P106 together with PllO fall within the thin plateau soils group, PlOl 
and P105 occupy transitional positions, while P104 with a very low red 
siltstone content plots with materials of glacial origin. 
No evidence is given by the Geological Survey (Cantrill et al, 
1916) of t i l l in the Pearson Farm area, although John (1972) has 
identified a Kame Terrace in the adjoining Gaiin Valley to the west 
(Fig la), with which there may be a genetic connection. 
Broomhill Farm, Dale Ph (Fig la) 
In contrast to tlie soils at Pearson Farm, those at Broomhill 
Farm have low "absolute" quartz contents, suggesting a lesser overall 
contamination by glacial deposits. In this case tlie distinction between 
soil material types is based on the overall coarse sand content. 
The thin plateau soils (P66, P67, P68, P72 and P76) have high 
"absolute" red siltstone contents (Fig 5c) and, therefore, high overall 
coarse sand contents. On the other hand, P70, P71 and P73 are associ-
ated with the channel trending nortliwards,and the latter two in partic-
ular have very low total coarse sand contents as a result of sorting. 
P70, P69 and P74 plot closely togetlier with respect to both their 
"absolute" quartz contents (Fig 5f) and their "absolute" red siltstone 
contents (Fig 5c), although they differ considerably in the field 
(Horbaczewski, 1975 - Appendix 3). Some of tlie channel deposits 
may be associated with the Dale t i l l sheet to the south. 
It is interesting to observe that no systematic trend in the overall 
coarse sand content is evident in the topographical transect - P72 - P66 
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P67 - P68. 
Hasgiiard Farm, Hasguard Ph (Fig la) 
Samples from this area (Fig 5f) include, among others, those 
of the Winsle t i l l sheet - Red Rabb transect (P91 - P93). No other 
glacial deposit is recorded for this locality by the Geological Survey 
(Gantrill et al, 1916). However, soil profile m.orphology suggests tlie 
presence of a thin unsorted glacial deposit at P97 (no more than 35cms 
thick) and P96 (about 30-40cms thick). 
"Absolute" quartz contents (Fig 5f) support the existence of 
glacial deposits, with a range of values closer to those at Pearson 
Farm than at Broomhill Farm. .P91, P96 and P97 plot as glacial -
particularly P96 with a very high value. All three have "absolute" red 
siltstone contents below 700 grains per lOOgms Fine Earth (Fig 5c), 
indicating weak derivation from underlying bedrock. 
On the other hand, P89, P90, P98 and P99, displaying moderately 
high "absolute" quartz contents (Fig 5f), are sufficiently thin to incor-
porate fragments of bedrock and thus register low "relative" contents 
through dilution. This effect is reflected in their higher "absolute" red 
siltstone contents (Fig 5c) placing tliem within the thin, plateau soils 
category. 
Bearing in mind the surrounding glacial deposits - the Talbenny 
t i l l sheet to the north, tlie Winsle t i l l sheet to the south, and tiie 
sediments in a hump-backed channel, presumably of glacial origin, 
to the west - it is very probable that the area was covered by glacial 
deposits. However, tiiese must have been thin and patchy to produce, 
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on erosion, the present tenuous and complex distribution. Indeed, 
some sites, such as P93 and PlOO, may have been little affected or 
none at all by the most recent glaciation. 
St Brides (Fig la) 
The samples along this topographic transect (Fig 5g, see also 
Fig 6k for slope profile) sliow little systematic variation with the slope 
and reveal generally low "absolute" quartz levels. As the slope termin-
ates in the Kame Terrace deposits of the Gann Valley (Jolin, 1972), 
these results are rather surprising and may indicate either slight 
glaciation of the localitj^ or intensive erosion. The nearest unsorted 
glacial deposits are found just a few hundred metres south of the tran-
sect; the nearest sorted material lies in the Kame Terrace to the east. 
In fact, the two lowest sampling sites - P84 and P85 - may be located 
in these sediments. 
"Absolute" red siltstone contents fluctuate somewhat erratically 
along the transect (Fig 5c), but there is an overall trend from moder-
ately high values (all expressed as number of grains per 100gms Fine 
Earth : P77 - 870, P78 - 780) to the low values at P84 and P85 
(360 and 370 respectively). 
More detailed studies would be necessary to ascertain whether the 
decline in coarse sand is due to depositional forces of tlie glacial environment, 
weathering intensity, or slope processes. It is suggested that P84 and 
P85 are probably due to the first and possibly the third; sites on the 
upper slopes - P77-P80 - influenced by the second; and the downslope 
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Winterton Farm, Marloes Ph (Fig la) 
The soils at Winterton Farm (fig 5g) - P120-P123 - occupy a 
level hill--top a few hundred metres south-west of tlie Kame Terrace 
mentioned above. The soils are derived from bedrock with high levels 
of "absolute" red siltstone (Fig 5c) and have moderate levels of 
"absolute" quartz. There is no field evidence of direct glaciation 
witliin the locality, although tiiis may have been removed by erosion. 
Alternatively there is the possibility of aeolian contamination in this 
particular case (see section 6.4.5). 
Sandy Haven Farm, Sandy Haven Ph (Fig la) 
The soils in this south-eastern extremity of the study area have 
very high coarse sand contents dominated by red siltstone (Fig 5c). 
Field evidence shows no sign of glaciation, yet "absolute" contents of 
quartz are high (Fig 5g). Whether this quartz represents relict 
glacial nriaterial, or whether it is of aeolian origin from material to 
the south (now under water in the drowned "ria" system of Milford 
Haven) is uncertain. 
P i l l is anomalous, as it is developed in a soft sandstone and 
therefore lias a low total content of rock fragments of coarse sand size, 
as they disintegrate rapidly to the finer sand constituent grains, but 
what it has is mostly composed of quartz (see section 6.4.5). 
5.5 COAL IN THE COARSEST SAND FRACTION (2,000>jm to l,200;jm) 
In the course of field work, fragments of coal were occasionally 
113 
noticed in tlie soils of the area. Most commonly they were of fine 
gravel size (2 to 6 mm) although pieces up to 10 mm across were 
found at Broomhill Farm, Dale. On analysis, it became apparent that 
most soils had significant amounts of coal fragments in the sand 
fractions, and in many cases the "absolute" content of coal exceeded 
that of quartz; Clearly, the coal may represent an important genetic 
indicator, and its anomalous distribution warrants a separate discus-
sion. 
It should be stated that tlie morphology of the coal is such as to 
preclude any confusion with charcoal. The grains are black and very 
lustrous after washing. They are generally angular and often possess 
conchoidally-fractured faces, though many do not appear fresh-looking. 
Coal is encountered in all of the size fractions - even the finest sands 
contain a few grains, though these may be recent splinters from 
larger fragments. 
As tliey are two obvious contaminants, a relationship was 
expected between coal and quartz "absolute" levels. The absence of 
such a relationship could not be more emphatic (Fig 5h). 
It was found Ln all cases that tlie "absolute" coal content de-
creased down the soil profile and tliat it was minimal or nil in uncul-
tivated soils. Accordingly, groupings of top-soils, sub-soils and 
uncultivated soils were selected for plotting on the "relative" and 
"absolute" graphs (FigSj). 
The distribution of these groups is striking, especially on the 
"absolute" graph. In fact, they are almost mutually exclusive. 
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of coal per lOOgms of Fine Earth, and five out of 68 top-soils witli 
less than ten grains per 100gms Fine Earth (see Appendix 5 for raw 
data). Only in one case - P94 - does an uncultivated soil contain 
any coal, and then it amounts to only two grains per 100gms Fine 
Earth. It is, perhaps, significant that the sub-soils with "absolute" 
coal contents greater than ten grains per lOOgms Fine Earth - P83, 
P91, P70andP85 - occur at pediment footslope positions (termin-
ology Ruhe, 1960) and are, therefore, probably cumulative soils 
( i . e . , the present sub-soil originally having been a top-soil that was 
buried beneath slope wash material). 
Sub-soils on the plateau sites - P60, P61, and P58 - fall on 
the vertical axis of the graph, with zero coal contents, even tliough 
they contain appreciable amounts of quartz, and both quartz and coal in 
the overlying top-soils. 
Any explanation for the origin of tlie coal has to account for the 
following:-
(i) The concentration of coal in top-soils, with very reduced 
or zero contents in the sub-soils, even though quartz 
persists. 
(ii) The apparent absence of coal in uncultivated soils. 
(i i i) The very high variability of "absolute" coal contents in 
transects and small areas. 
(iv) The appearance and size distribution of the coal fragments. 
Glacial Origin 
In view of the proximity of coal outcrops to the north of the study 
Fig 5j 
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area (Fig lb) and their existence in the sea-bed to the north-west in 
tJie path of the ice (Dobson et al, 1973), a glacial origin for the coal 
appears as an attractive hypothesis'. But it is difficult to uphold. 
Although John (1972) reports the presence of coal fragments in 
the Kame Terrace at Mullock Bridge, none have been encountered in 
any other material of glacial derivation within the study area. On the 
contrary, the highest "aJDSolute" coal contents are associated with 
soils that show least signs of glacial influences (for example, P58, 
P67, P72, P77, P118, P 122 - Appendix 5), 
Even if it is assumed that the coal is of glacial origin, some 
mode of redistribution has to be invoked for its presence in tlte remote 
Sandy Haven soils, unless it is a relic of a form»er t i l l sheet that has 
since been eroded (see section 5.4.5 - Sandy Haven Farm). 
In view of the variability of unsorted glacial materials, tlie 
lack of correlation between "absolute" quartz contents and "absolute" 
coal contents is to be expected (Fig 5h). But i t is not clear why a 
number of samples possess no coal at all , while there are none that 
has no quartz. 
AeoUan Origin 
Evidence for widespread aeolian activity under periglacial con-
ditions is presented later (section 6.7). It is sufficient to say tliat, 
given a source, such as coal outcrops or comminuted material in t i l l 
and outwash deposits, the periglacial conditions would have been very 
favourable for aeolian transportation. 
It could be argued tlien that coal, with its lower density and 
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higher angularity in comparison with quartz, would be aerodynamic-
ally related more closely to a quartz grain size finer than 2,00D;jm 
to l,200jjra, and tlierefore would not display a strong correlation with 
quartz of its own size (Fig 5h). 
Under particularly extreme conditions it is possible that grains 
of coal up to one centimetre across would be susceptible to wind 
transportation. The concentration of coal in the surface horizons of 
tlie soils is in good accord with such a hypothesis. 
Antliropogenic Origin 
The high "absolute" contents of coal - higher than those of 
quartz in many cases (Appendix 5) - raise doubts about the ability of 
glacial deposits to furnish such amounts, either directly or through 
aeolian action. An alternative hypothesis is that the coal was introd-
uced, deliberately or inadvertently, in soil management practices. 
Coal, by itself, is not beneficial to the soil and is unlikely to have 
been applied as a fertiliser, but it may have been a constituent of 
some others:-
1. Farm-yard manure to which assorted waste, including coal 
ash, had been added. 
2. Lime, particularly burnt lime, obtained in the past from 
the small, local coastal kilns. 
3. Beach sand, used in parts of Pembrokeshire in the past as 
a liming agent because of its high shell content. 
In all these cases the fertiliser would not have been applied, 
generally speaking, deeper than the plough layer and hence would not 
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have penetrated to the sub-soil. Virgin soils would not have been 
treated at all. High variability of "absolute" coal contents would be 
understandable in view of the difficulties of achieving a uniform appli-
cation. Also, variability would be expected to be highest between fields 
rather tiian within fields. 
The appearance and size distribution of the coal fragments would 
depend on the natnre of tlie fertiliser. In both the farm-yard manure 
and the burnt lime (N-IAFF, 1973, pp 21r22) small pieces of unburnt coal 
would occur and would be the only constituent, albeit minor, to persist 
in the soil. In the case of beach sand, tlie coal would also be a minor 
constituent - probably a surface swash deposit - but would remain in the. 
soil together with the associated quartz and rock fragments. Again, by 
reason of its lower density, coal grains would tend to be larger than the 
associated quartz and rock grains. 
On balance, it would seem that burnt lime, prepared locally up 
to the nineteenth century (Dresser, 1959), would iiave been tlie most 
common form of soil conditioner in the study area. George Owen, at 
the beginning of tlie seventeenth century, reports the application of 
calcareous dune sands at Freshwater West (on the opposite shore of 
Milford Haven), and shelly sea-sand was used as a source of lime for a 
long time in the St David's Peninsula, north Pembrokeshire (Davies, 
1939, p 115). However, there is no documentary evidence for sanding 
inside the study area. 
It is likely, tliough not certain, that local outcrops of limestone 
would have been exploited in preference to the arduous collection of 
beach sand. One outcrop occurred, in fact within the study area at 
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Goultrop (Owen, 1892, p 64. See Figure la for location), while 
thicker limestones were to be found just across the Haven to the south 
of the area (Cantrill et a l , 1916, p 166. See also geological map -
Fig lb) . 
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CHAPTER 6 
GENESIS OF THE SOIL SAND FRACTION 
SIZE DISTRIBUTION 
6. 1 INTRODUCTION 
The soil sand fraction (2,000 - 50jum) was chosen for detailed 
size analysis, not only in response to Blatt's exhortation (1967, p 1034) 
"The non-phylloscilicate fraction of horizons in residual 
soils is an extremely significant component of sediments 
which has not received tlie attention it deserves from 
sedimentologists" 
but also for more mundane operational reasons. 
Possibly of most importance is the fact tliat tiie sand size d i s t r i -
bution can be measured easily by the single technique of sieving, which 
also allows for the retention of the separated size fractions for further 
analysis. The accuracy and precision of the mediod is good, provided 
the sieves are not overloaded (McManus, 1965), and the procedure is 
standardised. The determination of the silt and clay size distributions 
requires a different technique, and problems of continuity with the 
sieve technique arise. 
In the sand analysis, an upper l imi t of 2mm has been adopted, 
partly to comply with the convention of size classes (Committee Report, 
1967), but also for sampling reasons : samples much larger than the 
standard v/eight of 1kg would have become necessary to represent 
adequately larger grains (Avery and Bascombe, 1974, p 3 ; 
Dennison, 1962). 
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On the theoretical side, one of the prime considerations for 
selecting the sand fraction v/as that for the red siltstones this size 
range represents a transient phase before the rock fragments dis-
integrate to their constituent si l t and clay grades. I t was hoped that, 
in a manner analogous to sediments (Visher, 1969), the size d i s t r i -
bution of the weatliering rock fragments would indicate tlie type of weatlier-
ing processes, and even mechanisms in operation. 
For such a study of weathering, it was desirable to minimise the 
effects of pedogenic translocation, and this consideration also favoured 
the sand fraction over the sil t and clay. 
6.2 GRAVEL, SAND, SILT, AND CLAY FRACTIONS 
Init ial ly, the primary textural parameters generally used by soil 
scientists (g-ravel, sand, s i l t , and clay) were tested for sensitivity in 
a study of the genesis of soil material at the edge of the Winsle t i l l 
sheet. Sites were selected on different geomorphic units (Fig 6a), and 
soil profiles were sampled by horizons, rather than at pre-determined 
levels, to avoid problems of sampling across horizon boundaries. The 
laboratory analysis (Appendix 1) included the textural classes of the 
Fine Earth fraction (2,000 - 60>jm, 60 - 2^m, <2/im) and also the fine 
gravel fraction (6 - 2mm/6,000 - 2,000 jum). 
The results show that the strongest variations were expressed in 
the fine gravel content (Fig 6a). A marked concentration of gravel at 
less than 20 cms depth in P12 corresponded to a similar horizon at 
about 45cms depth in the t i l l sheet at P 10, and a thin sharp layer at 
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about 35cms depth in the low-lying marshy region (P13). The position 
of P12 in a topographical depression leading f rom the t i l l sheet suggests 
tlie existence of a relict channel formerly draining tlie glacial deposits 
of the t i l l sheet. 
High energy melt-v/aters or surface run-off would account for the 
concentration of coarser material under the action of winnov/ing, result-
ing in a thick channel lag deposit (P12) with, possibly, a small temp-
orary extension to the generally lower energy conditions of tlie low-lying 
plain (P 13). The stone-free uppermost horizons of both P 12 and P 13 
may be due to the accumulation of finer products f rom soil erosion of 
the surrounding areas, such as represented by P l l , where bedrock is 
barely covered with a grass mat. 
The sorting action of running water is clearly responsible for the 
concentration of fine gravel into a layer; however, its presence in the 
glacial deposit itself (P 10) suggests that this action may have been con-
temporaneous with the deposition of the t i l l - the t i l l perhaps being 
ablational rather than lodgement in t^ '^ pe. The immediate effects of water 
on size-sorting in a glacial environment have similarly been noted by 
Buller and McManus (1973). 
The distribution of the Fine Earth fractions accords well with this 
explanation, representing, in part, the winnowed material. Thus the 
sand fraction fal l ing, in this case, below the cr i t ical size of about 2mm 
for a lag deposit, tends to increase with respect to the silt and clay, 
f r o m tlie t i l l (PIO), through the channel (P 12) to the receiving area (P13). 
However, the energy of the water had not declined sufficiently to allow 
much deposition of the silt and clay fractions which were presumably 
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transported further downstream. 
Although tlie fine gravel has acted as a good indicator in this 
case, it is only thanks to the strong sorting action of surface drainage 
which is clearly highly localised. For the bulk of soils, where such 
processes are not in operation, finer textural parameters have to be 
used. 
6.3 COARSE, MEDIUM, AND FINE SAND FRACTIONS 
Avery (1973) suggests three size classes for detailed studies of 
the soil sand fraction - coarse sand (2,000 - 600jLjm), medium sand 
(600 - 200jjm), and fine sand (200 - 60;jm). These have already been 
mentioned in the context of lithological composition (see section 5.3) 
wiiere only a seimi-quantltative analysis was practicable. Fully quanti-
fied results can be obtained f rom a study of the weight-size distributions. 
The volume of early data (on samples shown in section 5.3) has 
been augmented by re-calculating later and more detailed analyses 
(section 6.4). Results have been plotted on a triangular graph (Fig 6b; 
see Appendix 5 for raw data), with synnhols assigned on the basis of 
the field classification of soil material types. Where the origin of the 
soil material was uncertain, an interrogation mark has been employed; 
uncultivated soils have been distinguished, although tliere are too few 
for meaningful interpretation; so-called "duplicate" samples have 
been taken f rom different levels but within the plough layer which has 
been assumed to be homogeneous. 
Two significant features are apparent in the graph:- . 
Fig 6b 
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(i) There is a general trend of data points from a position mid-
way along the fine sand-medium sand axis towards the 
coarse sand apex, 
( i i ) Tliere is a rough differentiation of soil material types along 
this trend (see also Figure 6c). 
Soils with the highest coarse sand contents are those derived f rom 
bedrock - whether directly as the thin, plateau soils, or indirectly as 
the slope-thickened tj'-pes. These groups display the greatest variation 
in coarse sand contents, with relatively small differences in the propor-
tion of fine to medium sand. 
From the litl:iological composition analyses (section 5.3), it can be 
recalled that the coarse sand consisted dominantly of red siltstone 
(especially in tlie case of the thin, plateau soils), and that the bulk of 
the medium and fine sand fractions was composed of foreign quartz. 
Thus the fixed proportion in weight of medium to fine sand in these 
samples represents a property of the contaminant and suggests a com-
mon origin. 
Furthermore, if the effect of the quartz contamination is subtracted, 
then it becomes evident that the thin, plateau soils would cluster at the 
coarse sand apex with only a slight spread along the medium sand-
coarse sand axis, but with almost no contribution towards the fine sand 
end-member. The implications of this are explored in the succeeding 
section (6.4). 
The distinction between the thin soils and the slope-thickened , 
soils is not clear-cut (Fig 6b), but there is generally a lower content of 
coarse sand in the latter (Fig 6c), supporting the common finding that 
Fig 6c 
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f iner particles are preferentially transported by slope-wash. 
Sandstone variants of the plateau soils and uncultivated soils are 
too few in number for interpretation. 
Unsorted and water-sorted glacial materials do not exliibit the 
same disposition towards the coarse sand end-member (Fig 6c). From 
tlie relatively sm.all number of results available, it also appears tiiat the 
proportion of medium sand to fine sand can vary considerably, particu-
lar ly in tlie water-sorted deposits. It should be noted that wind-sorting 
may iiave dominated in the formation of deposits at P71 and P73 (Fig 6f). 
Nevertheless, regardless of the agent, the action of sorting is to 
concentrate material of a small size range. Thus, such material 
should plot close to the axes joining fine sand to medium sand, and 
m.edium sand to coarse sand. In practice, there are deviations f rom 
this ideal (Fig 6c), possibly f rom the slumping of soil material into the 
small drainage channels or f rom translocation of fines within the soil , 
contrasting with the strong sorting of beach sand containing less than 
5% coarse sand (Fig 6f). 
Studies 
The "fields" of the soil material types delineated on the triangular 
graph have been obtained simply by constructing a convex envelope about 
tlie appropriate data points. In order to check the accuracy of these, and 
also to emphasise some of the trends concealed in Figures 6b and 6c, 
several studies of soil changes in small areas and along transects have 
been included. 
Both of the t i l l sheet transects (Fig 6d) demonstrate strong trends 
Fig 6d 
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f r om high coarse sand levels over bedrock to much lower contents in 
the t i l l . In these cases, the envelope of the red rabb/sandstone soils 
(generally referred to as thin, plateau soils) seems to be well placed. 
P91 is, in fact, transitional in nature between t i l l and bedrock soils, 
while the results for the Dale Sheet are in agreement with the boundary, 
mapped in tlie course of field sui-vey, betAveen P59 and P60. 
The soils of Sandy Haven Farm (Fig 6e) plot at the lower end of 
the red rabb/sandstone "f ie ld" , emphasising their very high coarse 
sand content, mostly attributable to fragments of red siltsione. Tliere 
is, some suspicion that tliese soils may have lost finer material through 
erosion as there is evidence of bedrock dismrbance and upheaval in 
ploughing (see plate 5). Indeed, the coarse sand content may be a useful 
parameter for monitoring such changes. 
Only one of the soils at Pearson Farm (Fig 6e) plots outside the 
" f ie ld" of the thin, plateau soils - P104 (see also Figure 6m for detailed 
size distribution). The remaining sites, classified as of uncertain 
origin in tlie course of survey, do not betray glacial influences. 
Broomhill Farm samples, al l taken f rom a single f ie ld , display 
strong differences in coarse sand content (Fig 6f; see also Appendix 3 
for location map). It is interesting to note that the proportion of medium 
sand to fine sand varies only slightly, however, again suggesting a com-
mon origin for the contaminant quartz (see also Figure 5f). P70, 
regarded as transitional f rom field survey and red siltstone content 
(Fig 5c), falls close to the thin soils P69 and P74 on the triangular 
graph (Fig 6f). On the other hand, P71 and P 73 are suggestive of 
powerful sorting (see also Figure 6j for more detailed size distribu-
Fig 6e 
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tions). 
In contrast, the effect of topography on sand proportions appears 
to have been slight (Fig 6f, also Fig 6k). This is not to say that tliere 
is no differentiation, but that the scale of resolution with three sand 
fractions is too coarse to register such changes. 
6.4 DETAILED SIZE DISTRIBUTION OF SAND FRACTION 
6. 4. 1 Introduction 
Detailed size distribution analyses have been frequently used by 
sedimeiitologists in elucidating tiie fimdamental mechanisms of deposi-
tion, whetlier f r o m an aeolian medium (Bagnold, 1941), an aqueous 
medium (Visher, 1969) or a glacial medium (Buller and McManus, 1973; 
Dreimanis and Vagners, 1971). The effects of crushing and grinding on 
size distribution of various materials have been studied by geologists 
and engineers alike (Kittleman, 1964; Agar and Charles, 1961). 
In contrast, few studies are available of detailed size distributions 
of weathering and soil formation mechanisms. Such work that has been 
published is almost invariably concerned with granites, or granitic rocks 
(Krunibein and Tisdel, 1940; Ruxton and Berry, 1957; McEwen, Fessenden 
and Rogers, 1959; Wolff, 1967; Lumb, 1962; Lo and Roy, 1969; 
Gillespie and Protz, 1969; Verague, 1973). Harriss and Adams (1966) 
and Wolff (1967) have shown that the relative stability of minerals in 
granite ranges f rom plagiodase feldspar, biotite, K feldspar to quartz; 
the last being the most resistant. The process of decomposition, 
therefore, involves a preferential "rotting" of the minerals, with 
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consequent disintegration and accumulation of resistant quartz grains 
(Ruxton and Berry, 1957). 
Size distributions of soils derived from sedimentary rocks are 
relatively rare in the literature. Carroll (1952) has applied moment 
measures to residual soils formed under tropical conditons on sand-
stones as well as granitic rocks, and found a negative skewness in 
the former and a positive skewness in the latter. Little mention is made 
of mechanisms of disintegration. Walker (1964), in a study of hillslope 
processes, describes a bi-modal size distribution of talus deposits 
representing the initial breakdown of tlie sandstone rock to a mixture 
of fragments and single grains wliere there lias been a minimum of 
sedimentary transport. 
Very li t t le attention has been directed at the disintegration of 
siltstones and shales. Stewart, Adams and AbduUa (1970) conclude 
that sand-sized fragments of Silurian shale in mid-Wales weather to 
produce the residual si l t and clay in fixed proportions reflecting their 
proportions in the parent rock. Tiie silt is relatively resistant, rep-
resenting tlie original "primarj^ particles" (detrital grains). Further-
more, they consider tliat "tlie sand-sized particles are probably frag-
ments of shale produced by mechanical breakdown", presumably refer-
ring to frost-shattering and scree formation. Later work (Adams, 
Evans and Abdulla, 1971) suggested that acid dissolution of the iron-
rich cl i lori te, probably diagenetic in origin and acting as a rock 
cement, results in the textural deg^^at+oa of tlie shale (see also Evans 
and Adams, 1975a,b; and Evans, 1972). 
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6.4.2 Laboratory Procedure 
Tlie laboratory procedure is given in Appendix 1. However, 
several limitations became apparent in the course of size distribution 
analysis and are brief ly discussed here, 
(L) Separation of the Fine Earth Fraction 
The separation of the Fine Earth fraction from coarser material 
by sieving through a 2mm aperture sieve (BS No 8) was found to be in-
complete. Sand-sized grains (i.e., less than 2mm in diameter) were 
often retained on tlie sieve as their size was effectively increased by 
clay coatings. As the coarsest sand grains are particularly prone to 
this, there is a danger of artificial sorting causing a deficiency of these 
sizes in the Fine Earth fraction. 
The use of a pestle or rubber policeman to "rub down" the sam-
ples can cause fracturing of grains and iience modification of the size 
distribution. The remedy was found to lie in the use of a sieve with a 
larger aperture of 2-4mm (BS No 7) to avoid the loss of coated sand 
grains. The excess size fraction (2-4 to 2-0 mm in diameter) was 
determined in the course of analysis and its weight subtracted in sub-
sequent calculations. 
( i i ) Operational Variation 
As a check cn operational variations. Fine Earth samples were 
split on r i f f l e r s to produce two duplicate sui)-samples which were 
sieved separately and distinguished on final size-distribution graphs. 
The levels of variation can be seen f rom the separation of values for 
particular size classes between the duplicate samples. As expected, these 
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are generally largest at the extremes of the sand fraction. At the coarse 
sand end there is the problem of a sm.all number of grains and hence 
greater variabili ty. On the other hand, the enormous numbers of 
grains in the finest sands increase tlie danger of overloading and in-
complete separation (McManus, 1965). For this reason a standardised 
procedure, of sieving for five minutes on an automatic shaker, was 
adopted. 
( i i l ) Sieve Intervals 
The accuracy of discrete size classes in describing continuous 
size distributions clearly imiproves as the class interval is reduced. 
Hails, Seward-Thompson and Cummings (1973) have shown that signifi-
cant differences in moment measures can occur between calculations 
based on 0 - 5 0 and 0- 25 0 interval data, and advocate the use of the 
latter. (For explanation of the (3-scale, see Krumbein, 1938.) 
In this study the smallest sieve interval available over most of 
the required size distribution was 0-5 0 units. However, some irreg-
ular intervals were found over the coarse sand range, necessitating a 
correction procedure in subsequent calculations. (For conversion 
tables between the (2-scale and the metric size scale, see Appendix 7, 
taken f r o m H G Page, 1955.) 
6.4.3 Presentation of Results 
One of the f i r s t requirements in presenting size-distribution data 
is to specify which weighting process is emiployed, since - for example-
number-size and weight-size distributions are in general very different 
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(Irani and Callis, 1963, p 25). The general convention of using weight-
size as a basis for presentation is adopted here, as this is the manner 
in which data are collected f rom sieve analysis and generally reported 
in the literature. While serving as a convenient reference base, i t 
should be stressed that i t is not necessarily the most apt. In the case 
of some weathering mechanisms i t may be more appropriate to use a 
weighting based on surface area (see section 6.6). 
Weights of sieve fractions can be left as rav/ data in the form of 
tables, but are usually presented in one of three ways (McBride, 1971) : 
(i) Graphical - Plotting data as histograms, frequency d is t r i -
butions curves and using visual interpretation (Krumbein 
and Pettijoiin, 1938). 
( i i ) Computational -
(a) using moment statistics - mean, standard deviation, 
skewness, kurtosis (Inman, 1952). 
(b) using multivariate techniques directly on raw data 
(Klovan, 1966). 
( i i i ) Graphic- Computational - Using graphically-derived 
parameters. 
Apart f rom the rather sophisticated multivariate tecliniques, the 
computational methods demand the fulfilment of certain pre-requisites. 
In particular, they demand unimodality and entire size distributions 
(Jones, 1970). While these conditions are often satisfied by aeolian or 
aqueous sediments, they are rarely met by glacial deposits and soils. 
Drelmanis and V^ners (1971), in size distribution studies of t i l l , 
have used samples of one cubic metre in order to have statistically 
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significant representation of the larger rock fragments. Avery and 
Bascomb (1974, p 3) quote the following minimum sample sizes for 
estimating stone contents:-
Effective Stone Diameter Minimum Sample Weight 
20mm 1- Ikgs 
60mm 30kgs 
260mm l,000kgs 
In fact, many of the rock fragments in the red siltstone soils were up 
to 100mm across. 
Clearly, such sampling is not possible in these soils, so that a 
cut-off point on the size scale has to be selected, beyond wliich any 
material is rejected f rom the analysis. In this way an ar t i f ic ia l trunca-
tion of the size distribution is created, wi!h possible consequent modifi-
cations of the measured size distribution (Tanner, 1964). Moreover, it 
is rarely certain where the truncation lias occurred. At best it just 
"clips the t a i l " of a distribution. At worst i t excludes the greater part, 
including the mode. 
In this study, attention has been directed to the sand fractions 
only, but the silt and clay have been allowed for by determining the sand 
fractions as weight percentages of the whole Fine Earth. This suppres-
sion of certain size classes ( i .e . , silt and clay) without absolute trun-
cation has been called Type I I censoring by Tanner (1964) and generally 
speaking does not need to hinder analysis providing the assumption of 
true normality can be made. 
However, in the course of analysis, the polymodality of the sand 
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fraction alone became evident, quite apart f rom possible additional 
modes removed above the cut-off point. Together with the truncation 
effects already mentioned, it is apparent that the application of com-
putational and graphic-computational statistics to the size distribution 
of the soil sand fraction is inappropriate. A graphical presentation 
was cliosen as tlie clearest and simplest manner of displaying the data. 
6.4.4 Graphical Presentation 
Various graphical methods of presentation are available (Harriss, 
1971). They fa l l broadly into three groups :-
(i) Histograms; 
( i i ) Frequency distribution curves and cumulative 
frequency distribution curves; 
( i i i ) Graphical transformations. 
The use of histograms is subject to severe limitations. The size 
intervals have to be regular, as areas and not heights are proportional 
to the weight percentages recorded. Also, the size and position of the 
intervals themselves can affect the sliape of tlie distribution. In the ex-
treme case, with an infinite number of intervals, the diagram wi l l dis-
appear. 
To circumvent this problem, the absolute frequency distribution 
can be derived; either by calculation or graphically (Krumbein and 
Pettijohn, 1938; Bagnold, 1941). Alternatively, and especially in the 
case of irregular size classes, a cumulative frequency graph can be used. 
Not only is this a unique representation of the data, but it also lends 
itself to graphic-com.putational measures, such as percentiles and other 
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descriptive statistics. Unfortunately, cumulative curves are difficult 
to interpret visually. Modes are represented by changes of slope, 
which are not always readily apparent. Moreover, these gradients 
are severely affected by truncation (Tanner, 1964) and are prone to 
errors in drawing. 
Certain graph papers are available which presuppose a particular 
size distribution. If this condition is met, the experimental data should 
plot on such graphs as a regular feature - always a straight line. Thus 
the log-probability graph reduces log-normal distributions to straight 
lines. Similarly, crushed materials tend to follow Rosin's distribution 
(Kittleman, 1964). More complex transformations include the log 
hydrodynamic probability charts (Brezina, 1963). The problem with 
soils is that a "model" distribution.can very rarely be applied, let alone 
assumed. 
For the purposes of this study, presentation of the results as 
frequency distributions was considered the most suitable. However, 
weights of material f rom irregular sieve intervals had to be standard-
ised f i r s t . One method is to divide the percentage weight for each 
size class - Ap - by the interval (expressed in 0 units) of the size 
class - AR (Bagnold, 1941, p 112). The introduction of a factor of 
two into the denomanator -
Ap 
2 AR 
is simply to avoid unnecessary calculations where AR = 0-5 0 units, 
as is the case for most of the sieve intervals. 
Variations in sieve intervals are thus corrected, but at the cost of 
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changing the values along the y-axis. These now represent the change 
of diameter over the same interval. As Bagnold (1941, p 113) points 
out, this value now represejits the f i r s t differential of percentage weight 
against grain size and is, in fact, the f i r s t differential coefficient of 
tlie corresponding cumulati.ve diagram. Hence the height of the peak is 
equivalent to the steepest slope of the cumulative curve, and its position 
is that of the predominant diameter. 
In the final analysis, frequency polj'-gons were constructed instead 
of frequency curves. These avoid the more subjective placing of curved 
lines and emphasise the fact that information is available only for changes 
in weight of material over a sieve interval and not over a continuous set 
of points (see Figure 6g). 
To draw the polygon, points representing changes of weight were 
placed in the centres of their respective classes and connected. Where 
duplicate analysis coincided, one of the symbols is displaced to the 
side. Othei-wise, the variation between duplicates is shown by their 
vert ical separation and the straight connecting lines are taken mid-way 
between the points. Histogram-type columns are omitted for clamty, 
6.4.5 Results 
The location of sampling sites for the sand size, distribution 
analyses is the same as for the sand composition analyses and is shown 
in Figure 5b. In order ID facilitate discussion, the results have been 
grouped on a basis relevant to genesis. 
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Virgin Soils (Fig 6h) 
Tlie occurrence of vi rgin soils is restricted to a narrow zone 
along the coastal cliff-tops lying just beyond the outermost field boundary 
v/alls, and the five samples shown come f rom such positions. P4 is 
slightly unusual, in that i t is sited on a slope (about 10° - 15°) within 
a small valley set back a l i t t le f rom the c l i f f s , and may represent soii-
flucted material. The other soils occur on level sites (<5°). 
P64 and P94 possess size distributions largely determined by 
their mode of depcsiton. P64 is typically unsorted, but the increase in 
the finer sand fractions underlines the role of abrasion and crushing 
leading to high sil t and clay contents. The increase in the coarse sand 
fraction is caused by tlie presence of rock fragments which gradually 
disappear f rom finer sand fractions to be replaced by mineral grains, 
and in particular quartz, as has been observed in other glacial deposits 
(Dreimanis and Vagners, 1969, 1971; Beaumont, 1971; Slatt, 1972; 
Duller and McManus, 1973). 
On the other hand, strong sorting at P94 has resulted in a concen-
tration of grains (mostly quartz) betAveen +10 and +3 0 (500>jm - 125jjm). 
This stone-free sandy deposit was found in a channel, visible on air photo-
graphs, tracing a course f rom an area of (suspected) glacial t i l l at 
Pearson Farm, and may possibly represent t i l l material transported 
and resorted by melt-waters. 
Although i t is not evident f rom the sand size distribution, the 
sample had a considerable content of silt and clay (about 60% of the 
Fine Earth by weight) which is not in keeping with the strong sorting of 
the sand. Slope, soil-forming and weathering processes may be respons-
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ible for this finer material , 
P4 appears to be polymodal with one peak suspected to be lying 
beyond - 1 0 (2nnim) due to fragments of black shale, another at about 
+ 2 0 (250 ixn) due to clear rounded quarts grains, and a third, lying 
beyond the fine sand, possibly representing an influx of silt f rom 
weathering or aeolian activity. 
The red siltstone profile - P62 - is remarkably pure at the 
coarse sand end, so that the size distribution is that of the siltstone 
rock fragments down to about +1 0 (500jum). Below this size there is 
a gradual increase in the relative quartz content towards the fine sand 
at 4 0 (63 jjm), where there is almost no siltstone present at a l l . Thus 
the sand fraction is lithologically strongly bi-modal, altliough this is not 
readily apparent in the overall size distribution. 
P63, only a hundred metres f rom P62, is a sandstone variant of 
the thin plateau soil . The influence of the parent rock can be seen 
clearly in the strong peak: at +3 0 (125jjn), which probably approximates 
to the size of the original detrital grains in the sandstone and represents 
their accumulation as a residual product of weadiering. 
Broomhill Farm (Fig 6j) 
Most of the size distributions display polymodality although the 
only mode fully within the sand fraction falls at about 2-0 0 to 2-5 0 
(250>jm to 180>im). In some cases this peak is very clearly defined -
P66, P67, P68, P69 , P72 and P74. These are typical thin, upland 
soils. P76, though no different in field appearance, has a less pro-
nounced mode in the medium sand for which no explanation is available. 
lug 6j 
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The relatively high coarse sand contents of these soils are due to red 
siltstone rock fragments,. 
P71 and P73, located in a channel-liJce depression, are almost 
completely deficient in coarse sand (see also Fig 6f). The sorting in 
tliese soils is unusual : only one, rather broad mode is evident - in 
botli cases spread over the medium sand range f rom about +2 0 to 
+ 3 0 (250jjm to 125;jm). They do contain stones., but tliese are of 
varied litiiologies and not as abundant as in the bedrock-derived soils. 
Furthermore, they disclose a high content of si l t and clay (over 80% of 
tlie Fine Earth in both cases) which militates against a purely fluvial 
or igin. 
The alternative is an aeolian origin, which would account for the 
good sorting of the medium and fine sands, with tlie remaining material 
representing unsorted "host" soil . A possible source for the aeolian 
contaminant may have been tlie Dale T i l l Sheet, just a few hundred 
metres to the west and to the south. Indeed, it is almost certain that 
material blown around under the harsh periglacial conditions of tlie late 
Glacial would have accumulated in topographical depressions. 
Whatever tlie explanation, the soils are not derived from the 
underlying bedrock, as they lack the high coarse sand contents of red 
siltstone. In this respect, P70 appears to be an intergrade between the 
channel soils (P71, P73) and the upland soils (P69, P72, P74) as some 
degree of bedrock influence is indicated by the higiier coarse sand con-
tents in spite of its "low" topographical position. It is interesting to 
note that the moderately-expressed mode at about 2-0 0 (250)jm) in the 
top-soil (5-15cms) is considerably reduced in the sub-soil (45-50cms), 
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but a sharp increase is registered in the finest sand leading to the silt 
fractions. The medium-sand conl:amiinant is confined to surface soil 
horizons, and favours an aeolian origin, though it is more likely that 
some water-sorting and soil slumping has also occurred, producing a 
complex size distribution. 
St Brides Topographical Transect (Fig 6k) 
The effect of slope on the size distribution of the sand fraction of 
the soils was determined in order to assess the significance of this 
factor. In spite of the inevitable lithological variations in the under-
lying Devonian geology, several trends, albeit weak, were apparent in 
the size distributions:-
(i) The coarsest sand content decreased donwslope, although 
the lowest values at P84 and P85 may have resulted f rom fluvial sorting. 
( i i ) There was a concomitant trend towards higher contents of 
the finer sands, possibly extending to the silt fractions. (It should be 
remembered that the basis for sand contents is the entire Fine Earth, 
so that increases in fine sand content are not a necessary consequence 
of decreasing coarse sand content.) 
( i i i ) A feature common to al l the soils was an increase in medium 
sand over a size range of about +1-0 0 to about +3-5 0 (500_pmi to 88>jm). 
This mode is composed predominantly of quartz, varying in form f rom 
clear, angular fragments to frosted and rounded grains, contrasting with 
the coarser sand of rock fragments. 
With the possible exceptions of P84 and P85, the changes at the 
ends of the sand size distribution are probably a result of differential 
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movement of material by slope-wash and raindrop splash. Ekern (1950) 
has shown experimentally that the size range most suceptible to rain-
drop impact is 400;jm to 5Q^m (about +10 to +4 0). Particles 
greater than 400;jm were found to be much less mobile on gradients, 
owing to the comparatively greater energy required to disturb them, 
while grains smaller than 50jLjm were found to compact quickly with a 
rapid sealing of the surface, the accumulation of water and a consequent 
reduction in raindrop Impact energy. 
As far as slope-wash is concerned, soil surface texture is impor-
tant in affecting run-off and infil tration, especially in view of the fact 
that water-stable aggregates (suggested as a good criterion of soil 
erodibility - Bryan, 1968) may, in fact, disintegrated the textural 
separates under high-velocitj'- rainfall . The combination of raindrop 
splash and slope-wash leads to the formation of a stony surface soil 
layer in upslope zones azid the accumulation of fine material down-slope. 
Pearson Farm (Fig 6m) 
The origin of some of the soils (P 101- P 105) in the Pearson 
Farm area (Fig 5f for map) is problematical. Coarse sand composi-
tion analyses (Fig 5c) separate P 102 and P 103 as bedrock-derived 
soils f rom P lOl , P 104 and P105, which plot near or inside the glacial/ 
fluvioglacial "f ie ld" . These differences are not so apparent when the 
coarsest sand content is examined f rom the size distribution graphs 
alone (Fig 6k) - only P104 is truly anomalous. The others betray just 
slight variations in the maximum value of the medium sand peak, and 
the coarse sand end. 
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It; is partLcularlj^ d i f f i c u l t to c lass i fy P101, P104 and P105. F r o m 
f i e l d survey, P101 may be regarded as a t i l l w i th a sandy top-soi l and 
a s tonier sub-soi l of va r ied li tholog^^ P105 is s tonier , but has a 
considerable propor t ion of sand and s i l t (sandy s i l t loam) and is easy 
to work even at a depth of over half a metre . P104 is l ighter s t i l l 
(also sandy s i l t loam) and has only ra re stones at depth. 
The ve ry wel l -def ined peak in P104 at about +2-0Q) (250jjm) 
suggests power fu l sor t ing by water . The posi t ion, breadth and height 
of the peak indicate that the energy of tlie postulated drainage, fo l lowing 
a channel- l ike depression to P94, was lower than at the la t te r s i te , 
where the peak l ies at about 1-5 0 to 2-0 0 (360>jm to 250jjm) 
(see F igure 6h). 
Wate r - so r t i ng is c lea r ly evident in the f luvioglac ia l mater ia l at 
PS and P6 (F ig 6m) . P5 is taken f r o m soi l over ly ing a disused sand 
p i t at Orlandon, St Brides (see Figure 5b f o r location relat ive to other 
sites at Pearson F a r m ) . The action of ploughing has been to incorporate 
the f i n e , ve ry w e l l sorted sand (wi th a mode of about +3-0 0 - 125jjm) 
into the red siltstone transported cover so i l . Except f o r the red s i l t -
stone concentration at the coarse sand end, tlie o r ig ina l size d is t r ibu t ion 
of the so i l has been swamped by this inf lux of sand. P6 has been s i m i -
l a r l y a f fec ted , but to a lesser degree. 
Samples P106 to P 110 a l l come f r o m one f i e l d tliat is bisected 
by the boundary between the red siltstones of the Devonian and the 
grey interbedded siltstones and sandstones of the Si lur ian; P106 and 
P l l O representing the f o r m e r , and P107 - P109 the la t ter . The f i e l d 
appearance of these soils indicates der ivat ion f r o m sub-adjacent bed-
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rock and, apart f r o m colour , the s i m i l a r i t y of the two soils is very 
great . Size d i s t r ibu t ions , l i kewise , show few significant differences 
between these soils f o r m e d over the two geological format ions , v i n d i -
cat ing the hypothesis that the medium sand contaminant (also present 
at P107 - P 109) is of a common o r i g i n . 
Sandy Haven F a r m (F ig 6n) 
The thin bedrock soils of this soutli-eastern part of the study area 
( P i l l - P119) are character ised by ve ry high levels of coarse sand 
content represented predominantly by red slltstone fragments . The 
medium sand modes resemble those of other soils in the study area, 
although they appear to be less pronounced, w i th two exceptions -
P i l l and P119. 
On the basis of coarse sand composition analysis . P i l l is 
ambiguous, p lot t ing outside the boundary of tlie th in , upland soils group 
owing to i t s high absolute quartz content (F ig 5g), yet also possessing 
a considerable amount of apparently bedrock-derived red siltstone 
( F i g Sc.). In the f i e l d i t was found to be a deeper soi l than those gener-
a l l y encountered, over ly ing a soft sandstone. Size distr ibutions f o r 
both the top-so i l and sub-soi l have a very pronounced peak, at about 
+2-0 0 to +3-0 0 ( 2 5 0 t o 125>im), which is pa r t i cu la r ly strong at 
the deeper level (35 - 40cms). 
The vigorous size sor t ing may simply be due to the accumulation 
of res idua l ma te r i a l f r o m the dis integrat ion of the sandstone. On the 
other hand, i t may represent strong f l u v i a l sor t ing along a line of 
f o r m e r surface drainage, such as the palaeori l ls described by Ki rkby 
F i g 6n 
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(1969) and Huggett (1974). In ei ther case, the decrease of the peak 
towards the soi l surface may be at tr ibuted to the "d i lu t ing" effect of 
mass- t ransported so i l mate r ia l f r o m other sources under g rav i ty . 
P119, wi th a . s imi l a r peak between +2-0 0 and +3-0 0 (250>jm 
to 125jjm) was r i c h in fragments of soft green sandstone even though 
the sub-adjacent l i thology was red sil tstone. F luv ia l sor t ing cannot 
be invoked in the geomorphological sett ing, and in this case the l i k e -
l i e s t explanation is that residual weathering products f r o m a highly 
loca l i sed , nearby (probably within a distance of a metre) sandstone 
bedding unit have been incorporated through mass soi l movement under 
gravity ' and cul t iva t ion . 
Winsle Sheet - Red Rabb Section (F ig 6p) 
The rapid decline in coarse sand content and a complementary' 
increase i n the medium-f ine sand peak characterises the trend f r o m 
bedrock so i l s , as at P93, through the t ransi t ional phase, at P91 , to 
g lac ia l mater ia l - P92. These trends are closely followed in the sub-
soils (35 - 40cms depth); though P93 shows emphatically the greater 
p r o x i m i t y and influence of bedrock in a very high content of coarse 
sand-sized rock f ragments . A i r photographs reveal the presence of a 
sharp boundary between P91 and P92, which is borne out by the sharp 
di f ferences in absolute quartz contents at the two sites (Fig 5 f ) . 
A l l of the samples possess the generally near-ubiquitous peak in the 
medium-f ine sand range, but at P91 and P92 i t is broad and spans the 
size scale f r o m about +2-0 0 to +3 -00 (250>jm to 125pm) whereas at 
P93 i t is smal ler and nar rower wi th a range of values f r o m about +2-5 0 
F i g 6p 
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t o + 3 - 0 0 (180>jm to 125>im). The occurrence of this peak at P93, 
w i t h a lmost no change in shape or magnitude at the deeper level appears 
to mi l i t a t e against an aeolian o r i g i n . However, i t is suff ic ient ly d is-
s i m i l a r to the peaks in P91 and P92 to preclude a g lacia l o r ig in (apart 
f r o m the evidence f r o m other sources - such as air-photo interpreta-
t i on , coarse sand lithologj'- and f i e l d survey). No satisfactory explana-
t ion can be o f fe red , but an "aeolian" hj'-pothesis f o r the peak at P93 is 
p r e f e r r e d , as the depth c r i t e r i o n f o r wind-blown mater ia l (generally 
orJy present in the upper 25cms of tlie plateau regol i th) may not be 
applicable owing to deep ploughing or s i m i l a r cul t ivat ion. 
"Remaining Soils (F ig 6q) 
The remain ing soils (P87 - P90, P95 - PlOO, P120 - P123) are 
d rawn f r o m diverse parts of Hasguard and St Brides Parishes, but are 
a l l f r o m upland plateau situations. 
Most of the samples have typical ly high contents of coarse sand 
(dominantly composed of red siltstone - F i g 5c). The lowest values 
are seen in P96 and P97 (F ig 6q). Both of tliese plot outside the 
" f i e l d " of tlie th in upland soils on the basis of their absolute quartz 
contents (F ig 5 f ) - P96, i n pa r t i cu la r , having a very high content. 
F ie ld evidence also reveals that these soils are formed in extremely 
thin g lac ia l deposits (not more tlian 35cms thick at P97) over lying 
Devonian bedrock. In such a situation i t is unl ikely that the superf ic ia l 
m a t e r i a l w i l l be uninfluenced by the subadjacent geology and various 
p rope r t i e s , including size d is t r ibut ions , w i l l tend to be intermediate 
in character . 
Fig 6q • 
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Tlie f ou r samples f r o m Winter ton Farm (P120 - P123) are d i s -
tinguished by their exceptionally sharp peaks at about +2- 0 (3 (250>jm). 
In spite of high absolute quartz contents, the soils plot we l l wi th in the 
th in upland soils group (Fig 5g) as a resul t of the i r high overall coarse 
sand contents. F i e ld survey provides no evidence of glaciat ion in the 
loca l i ty - indeed, tlie soils appear to be c lass ical ly derived f r o m bed-
rock . 
The consistent occurrence and def in i t ion of this peak f r o m the 
four sites in one f i e l d is noteworti iy. Such a large g ra in size cannot 
t rave l f a r by saltation or ground creep over an i r r egu la r surface of 
f ros t - s l i a t t e red rock debr i s , where entrapment is rapid . A close 
source is therefore requ i red , and the f luv iog lac ia l deposits a few hun-
dred metres to the east are ideal in this respect. Al terna t ive ly , the 
ancient pract ice of "sanding" (the application of shelly beach sand as a 
source of l i m e ) may be responsible, although there is no documentary 
evidence f o r i t in this par t of Pembrokeshire (see section 5.5 and the 
discussion on the Anthropogenic Or ig in of Coal). 
Dale Sheet - Red Rabb Transect (Fig 6 r ) 
Wi th the la ter acquisi t ion of a f u l l set of sieves at regular in ter-
vals of 0- 5 0, i t became possible to check the cor rec t ion procedure 
f o r the i r r e g u l a r sieve intervals (F ig 6q) by additional analyses. 
Tl ie sequence of sites shown (P57 - P61 - P60 - P59 - P58) is 
that of a sampling l ine f r o m the T i l l Slieet to the thin red rabb (red 
sil tstone so i l ) in Dale Parish (location map - F ig 5b). On the strength 
of f i e l d work and coarse sand composit ion analysis (Fig 5c) , the bound-
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ary separating the two soils mater ia ls had been plotted between P60 and 
P59. 
The same trends that had l^een observed in the "corrected" 
graphs are exhibited in these analyses. In passing f r o m the t i l l sheet 
to the bedrock soi l a powerfu l increase in red siltstone fragments is 
experienced, g iv ing r i se to high coarse sand contents, as at P58 and, 
to a lesser extent, at P59. Unfortunately, size d is t r ibut ion data are 
not available f o r P59 (25-30cms), but f r o m soi l p ro f i l e a f f in i ty i t is 
more l i k e l y to resemble P58 ra ther than P60. The same trend is 
expressed, albeit not so s t rongly, in the top-soi l samples. 
A l l the top-soi ls also present the medium-f ine sand peak, com-
posed dominantly of quartz gra ins . While its magnitude varies only 
s l igh t ly , its posi t ion changes f r o m about 4-2-0 0 (250>jm) at P57, 
through a broad peal^ at P61 at around -t-2- 0 0 to +3-0 0 (250.um to 125jum), 
to a sharp peak at P60 and P 59 at about 2-5 0 (175>jm). These modes 
are s t rongly reduced in the sub-soi ls ; P58 (25-30cms) appears to have 
suf fe red l i t t l e or no contamination at a l l , in contrast to the top-soi l 
(5-15cms). Such resul ts can be interpreted in te rms of aeolian con-
taminat ion. Tlie sh i f t in posit ion of the peak to f i ne r sizes away f r o m 
the t i l l sheet may indicate a t rans i t ion f r o m glacia l ly- t ranspor ted to 
wind- t ranspor ted ma te r i a l . While the depth of penetration of wind-
blown deposits into a regol i th appears to be var iable , i t is evident that 
at P58 this did not exceed 25cm.s, above which ploughing has sub-
sequently homogenised the top-so i l . 
6.5 SIZE DISTRIBUTION OF SAND AND GRAVEL FRACTIONS A T P75 
I n order to c o n f i r m the suspected size d is t r ibu t ion of the gravel 
f r ac t ions of the th in upland so i l s , an extended sieve analysis was 
c a r r i e d out up to a size of about -3-67 0 (12-7mms) on P75, Dale 
Par ish. I r r e g u l a r sieve intejrvals were corrected by the same procedure 
as used in previous analyses (see section 6 .4 .4 ) , Wiiere the size d is -
t r i bu t i on Jias been contaminated by fo re ign ma te r i a l , several counts 
were made on sub-samples of at least a hundred grains to obtain the 
re la t ive proport ions of contaminant to red sil tstone, and hence to derive 
the size d i s t r ibu t ion of the la t te r only (Fig 6 s). 
The sieve f r a c t i o n of the largest f ragments (-3• 67 0 to -2-67 0, 
equivalent to 12-7 mms to 6-36 mms). was found to number 132 grains 
and this was fe l t to be the maximum size that was adequately represented 
in a so i l sample weighing jus t over l , 0 0 0 g m s . I n the calculations, 
sieve f rac t ions were expressed as percentage weights of tlie total soi l 
sample (including s i l t and c lay) up to a size of -3-67 0 (12-7 mms). 
As expected, the mode of the red siltstone fragments has not been 
achieved even in this extended sieve analysis (F ig 6s). Even in closely-
jo in ted red si l tstones, f ragments up to 5 cms across (-5-65 0) are 
common, and adequate sampling would require enormous amounts of 
so i l ma te r i a l (Avery and Bascomb, 1974, p 3; see also section 6 .4 .3 ) . 
Nevertheless, a f i e l d assessment of the modal size was possible and 
suggested an order of magnitude of 5 tolOcms (-5-65 0 to -6 -650) . 
The size d i s t r ibu t ion ( F i g 6s) of the rock fragments shows a 
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planes of weakness at such a distance of separation - the closely-
spaced bedding planes and the more widely-spaced jo in t s . At about 
- 1 0 to -0-5 0 (2,000pm to 1,400pm) there appears to be an accumu-
la t ion of red sil tstone f ragments , W i e n examined under a lens, they 
are seen to have tlie f o r m of flattened e l l ipsoids , wi th thicknesses of 
the order of a m i l l i m e t r e , corresponding to the thickness of the 
sedimentary laminations i n some of the sil tstones. 
The rounding of the edges of these fragments and t l ie i r sudden 
increase suggests a change in the fundamental mode of weathering. 
Over the range - 1 - 0 0 to - 0 - 5 0 (2,000pm to 1,400pm), planes of 
mechanical weakness become r a r e , and therefore these fragments 
approximate to the smallest units obtainable by mechanical spl i t t ing 
(as occurs in f r o s t weathering, f o r example), although invariably a 
l i t t l e ma te r i a l sn ia l le r than this is produced in the process. 
Below this size range surface meclianisms of weathering take over , 
resu l t ing in the rounding of edges and increasing i n effect as tlie ra t io 
of the surface area to size increases towards the f ine r grades. This 
is c l ea r ly seen in the lower l ine of the graph (F ig 6s) t racing the size 
d i s t r i bu t ion of the red siltstone fragments only. 
Th i s grapl i also demonstrates the size d i s t r ibu t ion of the contami-
nant which becomes apparent at a size of about -0-5 0 (1,400pm), 
increases rapid ly belov^^ +1-0 0 (500pm), and reaches a peak at about 
+2-5 0 (175>jm). The "masking" ef fec t of the contaminant i n the over-
a l l size d i s t r ibu t ion is pa r t i cu l a r l y evident i n i t s modif icat ion of the 
rapid decline of rock fragments below -0-5 0 to a much gentler de-
crease. Th i s e f fec t needs to be borne in mind in the interpretat ion of 
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size d is t r ibut ions where such a l i thologica l separation was not prac-
t icable . 
The sudden upturn in the fine sands +3-5 0 (88>im) probably 
represents the incurs ion of the weathered products of the siltstone -
v e r y f ine sand and coarse s i l t beyond the end of the d i s t r ibu t ion . 
6.6 SURFACE MORPHOLOGY OF SAND-SIZED RED SILTSTONE 
Evidence f o r surface weathering was also found in the morpholog}'^ 
of red sil tstone f ragments taken f r o m the soi l s . Differences in the 
degree of rounding and "surface texture" (granular i ty or rougloness) 
could be observed between so i l rock fragments and f r e s l i l y crushed 
equivalents. The l a t t e r , prepared by mor ta r and pestle, is thought to 
resemble f r e s h f ros t - sha t te red rock as f a r as surface texture is 
concerned, as f r a c t u r i n g would have occurred by the s i m i l a r mechan-
i s m of tensile f a i l u r e (Lo and Roy, 1969). 
Some of the microfeatures described in the fo l lowing section 
were apparent under a binocular l igh t microscope (approximately x80). 
The applicat ion of the Scanning Elec t ron Microscope to tliese surface 
features yielded much additional in format ion . Not only was the magni-
f i c a t i o n d ras t i ca l ly improved (up to an operational maximum of 
x 10,000), but at the same t ime a very convenient broad depth of focus 
was m.aintained. 
Procedure 
Four samples were selected f o r v iewing:-
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SEM 1 - Gruslied red siltstone 
SEM 2 - Red siltstone f r o m v i r g i n soi l - P62 A^ 
SEM 3 - Red siltstone f r o m cultivated so i l - P75 Ap 
SBIM 4 - Red siltstone f r o m cultivated so i l - P75 Ap 
(unwashed sample) 
Samples were prepared as fo l l ows : -
About 20 f ragments of red siltstone f r o m one sieve f r ac t i on 
(420^um to 300>im/ -f-1- 25 0 to +1-75 0) were selected to represent 
the range of surface textures seen under tlie binocular microscope, 
mounted w i t h double-sided sellotape on stubs, and gold-plated. 
S E M 1 had been obtained by crushing a sample of red siltstone 
in a m o r t a r , and was unwashed. SEM 2 and SEM 3 had been 
thorougii ly washed by shaking overnight in tiie pre- t reatment f o r tlie 
sieve analyses. SEM 4 was taken as an unwashed equivalent of 
SEM 3 and comprised l a rge r f ragments of red siltstone which were 
not gold-plated but mounted d i r ec t ly on a bed of s i lve r . 
E r r o r s Possible due to Experimental Procedure 
( i ) Misrepresentat ion is possibly the greatest source of e r r o r . 
Given the l imi ta t ions of t ime and finances f o r v iewing , sub-samples of 
only 20 rock f ragments per stub were prepared, and these were often 
reduced to l ia l f that number as a resul t of "charging-up" - a condition 
In which the object acquires an e lec t r ic charge and cannot be viewed 
p rope r ly under the e lect ron microscope. However, as noted e a r l i e r , 
general observations made of numerous rock fragments under the l igh t 
microscope corroborate the evidence of the few fragnients seen under 
the Scanning E lec t ron Microscope. 
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(i i ) Some of the surface features may be attributed to the over-
night washing in an end-over-end shaker, particularly as tlie effects 
of the water may liave been enhanced by the presence of the sodium 
hexametaphosphate (Calgon) used as a deflocculant. 
The evidence, however, suggests that such action is slight. 
Unwashed samples, under the binocular microscope, exhibit tiie same 
granular surface texture and rounding of "soil" fragments, in contrast 
to the relatively smooth facets and high angularity of crushed rock. 
These features were detectable in SEM 4, but the inevitable coating 
of loose soil clays obscured any detail. 
Furthermore, the overnight shaking has failed to remove some 
very protuberant s i l t grains, of both quartz and mica, which would 
have been dislodged in a particularly vigorous washing, although a few 
very fresh-looking cavities may indicate such a loss. (Laboratory 
experiments have also shown that the red siltstones are very resistant 
to strong acids and reducing agents.) 
Results 
The sharpest contrasts are found between the "soil" rock frag-
ments (SEM 2 and SEM 3) and the crudied rock fragments (SEM 1). 
SEM 1 (Plates 13 and 21) displays a high angularity typical of 
cruslied material. From plate 13B it is evident that the silt grains 
(of the order of 20-30>im across) are mechanically more resistant 
than the matrix and hence form a serrated edge. This is the only sit-
uation in which these grains protrude in the crushed material. 
Elsewhere, on the facets, there are only minor irregularities, and it 
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is d i f f icu l t to distinguish individual silt grains (Plate 21 A and B). 
The remaining photographs (Plates 14-20) all demonstrate, to 
varying degrees, the greater roundness of the fragments with only-
occasional subdued edges (for example, Plates 14, 15 and 18), The 
surface texture in most cases is very granular, and individual silt 
grains are clearly visible, even on the flatter surfaces. Closer in-
spection reveals that these grains (mostly 50pm to 20jjm across) pro-
ject f rom a much finer matrix and that tiiey possess clean faces (for 
example Plates 14B, 15B, 16B) in contrast to the matrix-coated silt 
grains in the crushed rock (Plate 13B). 
Both quartz and mica grains of silt have been identified, A 
particularly good example of a quartz silt grain, with conciioidally-
fractured faces, is shown in Figure 16B. The matrix is cut back deeply 
and the grain appears to be on the verge of dropping out. Mica grains 
(identified as muscovite f rom petrological thin sections) appear to be 
more resistant to cliemical weathering than the matrix (Plates 19B and 
19C), but are prone to mechanical disintegration where tlieir orienta-
tion with respect to the surface is unfavourable (Plate 20B). The grains 
Ihen weather by loss of cleavage flakes. 
When a resistant silt grain is sufficiently exposed, it w i l l drop 
out leaving a small cavity which, when fresh, is characterised by a 
slightly raised r i m . Such a cavity is thought to be present in Plate 18B 
(evacuated by a grain at least 20>jm in diameter), and possibly in 
Plate 17B (with a cavity about 50>im across). With the continuation of 
weathering, these r ims , composed only of the matrix, are lowered to 
the overall surface,and the cavities become inconspicuous and finally 
SEM 1 
Plate 13 
A. Crushed red siltstone. Note high angularity and 
B. Silt grains along upper edge show matrix adhering 
to their sides. 
Plate 14 
SEM 3 
A. Red siltstone fragment from soil showing round-
ness of form and protuberant silt grains. 
B. Silt grains projecting clearly from matrix which 
has been etched away. 
Hate 15 
SEM 3 
A. A well-rounded fragment of red siltstone showing 
a strongly "granular" surface morphology. 




A. Highly "granular" surface morphology. 
(Same rock fragment as in Plate 14). 
B. Extremely protuberant silt grain with conch-
oidal fractures on two faces and corrosion on 
third. Probably quartz. 
Plate 17 
SEM 3 
A. Red siltstone fragment from soil showing depression 
caused by loss of silt grain. 
B. Note raised rim of hole indicating receit loss 
of silt grain. Size of depression corresponds to 
grain of coarse silt or fine sand size. 
Plate 18 
SEM 2 
A. Well-rounded fragment of soil red siltstone with 
very clear socket caused by loss of silt grain. 
B. Deep concavity with sharp edges suggests 
recent formation. Material in foreground with 
curled-up edges interpreted as artefact. 
Hate 18 
SEM 2 (Continued) 
10 j j m 
• 
C. Detail of inner lining of hole showing the 
fineness of grain of the matrix material. 
Hate 19 
SEM 3 
A. Very "granular" fragment of red siltstone 
from soil. 
B. Silt-sized grain of mica, with cleavage planes 
normal to surface of rock fragments imparting 
greater mechanical strength. Matrix more 
susceptible to weathering than the mica grain. 
SEM 3 (Continued) 
Plate 19 
r 
C. Detail of mica cleavage planes showing 




A. Mica silt grain with cleavage planes lying 
parallel to rock fragment surface. 
B. Disintegration of mica grain by flaking along 
cleavage planes appears to be more rapid 





A. Fragment of crushed red siltstone. Angular 
with weak "granularity". 
B. Component silt grains are indistinguishable 
in cleanly-fractured surfaces. 
Hate 21 
SEM 1 (Continued) 
C. Detail of crushed red slltstone surface 
showing fine-grained matrix material -
apparently flakes of clay minerals. 
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disappear. 
The niatrix material (equivalent to a cement in function) is very 
dif f icul t to identify because of its fineness and diagenetic alteration. 
High magnifications (x5,000) indicate the presence of small mica 
platelets (about Ij jm to 2pm across) on trie surface of both tlie crushed 
red siltstone (Plate 21C) and on the inside of a cavity f rom SEM 2 
(Plate 18C). It is likely tiiat these have been re-crystallised to some 
extent under geological compaction, if only at their edges. The effect 
is to trap the sil t grains in a fine mesh. The finer grain and, hence, 
higher specific surface of the matrix means that it is more susceptible 
to chemical weathering, even though it may have a similar mineralogical 
composition to the grains. 
Some re-crystallisation at the edges of the si l t grains may also 
have occurred, especially along mica cleavages (Plate 19C), but it does 
not appear to be very strong. Some corrosion is also apparent on one 
face of a quartz silt grain (Plate 16B), although the other faces are very 
fresh. 
6,7 DISCUSSION 
6.7 .1 Introduction 
The polymodality of the plateau bedrock-derived soils is evident 
f rom the size distribution analyses. The f i r s t mode, due to mechanical 
breakage of the red siltstone (whetlier in the past by frost-shattering or 
currently by cultivation), is inferred f rom field observations to lie 
approximately in the size range 5-lOcms (-5-650 to -6-65 (3). The 
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next mode falls entirely within the sand fraction and peaks consistently, 
if not always clearly, betvveen 250pm and 125>im (+2-0 0 to +3-0 0), 
and is seen (Fig 6s) to be composed dominantly of "foreign" quartz. 
Ail increase towards a third mode is detectable in most cases at the 
fine sand end, and by analogy with sand derived f rom sandstones 
(P63 - Fig 6h, P i l l - Fig 6n), probably represents the silt residue 
f rom the weathering of tiie siltstones. A fourth mode is to be expected 
in die clay fraction developed from the disintegration and decomposition 
of the matrix material of the siltstones. 
The origin of the quartz mode is almost certainly aeolian. It is 
present in uncultivated soils, hence eliminating an anthropogenic origin; 
i t occurs in soils which f rom all the available evidence have not been 
contaminated by direct glaciation; it is ubiquitous in top-soils, but 
shows a rapid decline, if not extinction, below a depth of about 25cms. 
Detailed size distributions of loess in the soils of North Norfolk 
(Catt et a l , 1971) revealed a large peak at approximately 40jLim (+4-5 0) 
and a SL±)sidiary peak in tlie sand fraction, which wlien deemed to be 
unequivocally of aeolian origin had a modal range from 500jjm to 125jjm 
(+1-0 0 to +3-0 (3) with a peak at 250;jm (+2-0 0). The authors con-
cluded that the silt was f rom a common source but that the same could 
not be said for the sand. However, this is hardly surprising. Silt, carried 
in suspension, can be far-travelled, well-mixed and spread uniformly, 
whereas sand moving by saltation is more localised and hence geo-
graphically more variable in its properties. 
Franzmeier (1970) found that the aeoiian sorting of proglacial 
material led to a break in the size scale over a range of 80pm to 40jjm 
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(+3-64 0 to +4-64 (/)) owing to differences in thie mode of transport; 
between the two l imi ts the two sediments were found to be more than 
94% exclusive of each other. 
While it is possible to have a wind-blown deposit consisting only 
of the material carried in suspension with no contribution from salta-
tion (as has happened in the loess deposit at Pegwell Bay, Kent - Catt 
et a l , 1971), the converse is very unlikely. Thus, if the study area 
has been affected by wind-blown material carried by saltation, then it 
has almost certainly been strongly affected by material carried in 
suspension, given the widespread distribution of glacial material in 
the region exposed over a long period of periglacial conditions (John, 
1973). Consequently, it is very probable that a part, perhaps a con-
siderable part, of the sil t /raction of the soils in the study area is 
derived not so much f rom the weathering of the bedrock as f rom 
aeolian activity. 
If tlie effects of the aeolian contamination are subtracted from 
the size d i s t r i l ^ i o n s , the contents over the middle and fine sand ranges 
drop dramatically (P58 - Fig 6r, P75 - Fig 6s). The question is 
whether this rapid decline below a size of about 2mm (-1-0 0) is 
inherited f rom weathering processes in the past or whether it is a char-
acteristic of on-going processes. 
Of processes operating in the past, the most significant would 
have been mechanical weathering of rocks under periglacial freeze-
thaw conditions. Frost-shattering of rocks has been shown, f rom 
experimental work (Tricart , 1956), to operate at three scales 
(Wiman, 1963), although Martini (1967) questions tlieir independence, 
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arguing that one type facilitates the activity of another. 
(i) Block Macro-gelivation - resulting in large fragments, 
f rom the exploitation of cleavage, jointing, and bedding-
planes. 
( i i ) Granular Macro-gelivation - resulting in mineral grains, 
by the attack of weathering on a wealc cement, 
( i i i ) Micro-gelivation - without an obvious dependence on 
structure or texture. 
Field observations of the red siltstone rock fragments suggest 
that the f i r s t type of action was the most important in tlie study area -
closeness of the jointing and micaceous bedding-planes restricting the 
m aximum size to about lOcms. Fragments tended to be angular and 
elongated, sometimes flaggy. Similar dimensions are reported for 
tlie coarser congelifractates in the Palaeozoic shales of Central Wales 
(Young, 1972, p 241) and the screes of Cambrian shale in Merioneth, 
Wales (Ball, 1966). 
Experimental work (Wiman, 1963; Potts, 1970) had borne out 
these observations. The bulk, by weight, of weathered products f rom 
materials with closely-spaced shatter planes, such as slate and shale, 
was found to be larger than 2mm (-1-0 (fi) and surprisingly little mat-
er ia l was produced in the size fractions smaller than SOOjjm (+1.0 0). 
Owing to their structure, similar results are to be expected f rom the 
red siltstones of the study area. 
Therefore, neither an aeolian origin nor a derivation f rom frost-
shattering can be invoked for the formation of the clay fraction of 
the thin plateau soils. The former is substantiated by the close 
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correspondence of the soil clay fraction to the clay minerals of the 
underlying rock (Figs 4c - 4e) even where contamination of the sand 
fraction has occurred. The reason is that there is a minimum size 
of about 15jjm (+6- 06 0) below which material is picked up by the v/ind 
with diff icul ty (Allen, 1970, p 104). The latter stems f rom the 
experimental work cited, but is also supported by the evidence of sur-
face morpholog}'- of the rock fragments (section 6.6) which suggests 
that weathering by granular disaggregation is in progress - the grains 
contributing to the s i l t fraction, and the matrix producing the clay 
fraction. If this hypothesis is correct, then some important implica-
tions are posed for size distribution analysis of such "weathering 
systems". 
6.7.2 Size Distribution of "Weathering Systems" 
Size distributions of sediments are usually measured and pres-
ented (as they have been in this study) on logarithmic scales, because 
the mechanical laws of settling and crushing (mechanisms prevalent 
in sedimentology) are related geometrically to the grain diameter. 
TJie scale generally used is that of a logarithm to the base 2, formal-
ised and defined as the 0-scale by Krumbein (1938, 1964) :-
(fi - - log d d = diameter of grain in metric units 
(For the sake of convenience, 1mm was taken as the reference 
size for 0 =0). As most of sedimentology is concerned with finer 
material , the negative sign was introduced to produce a poative 0 
notation for the smaller sizes. Thus, +1-0 represents 0-5mm 
(500>im); +2-0 0 represents 0-25mm (250jjm); - 1 0 0 represents 
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coarser material of 2mm (2,000;jm); -2-0 0 represents 4mm 
(4, OOOjjm). Tiuis every 0 unit indicates a factor of 2 (doulDling or 
h alving) of grain diameter. (For a discussion of the advantages of 
the 0-scale, see Tamper, 1969; 0 to mm transformations are given 
by Page, 1955, in Appendix 7.) 
As granular disaggregation is a surface process and is, there-
fore, arithmetically related to the grain diameter, a rock fragment of 
2mm diameter w i l l take twice as long to disaggregate entirely than 
one of 1mm diameter under the same conditions. 
This is best understood, and indeed quantified, by the concept 
of weathering by the removal of "layers" of granules (original detrital 
grains) f rom a multigranular aggregate (rock fragment) (see 
Horbaczewski, 1974 - Appendix 6). It is particularly useful in a 
discussion of weathering rates and the 0-scale. 
The absolute weathering rate can be defined as the time required 
to remove 'ri layers of granules f rom an aggregate. It is, in fact, 
independent of aggregate size, as the same amount of time is re-
quired to remove 'n' layers of granules f rom a small aggregate as 
f rom a larger one. However, on the 0-scale, tlie effect of removing 
'n' layers becomes progressively more drastic in terms of the reduc-
tion in size (and weight) of the aggregates (Fig 6t). 
Witli a granule of SOjum in diameter, 20 layers need to be rem-
oved for an aggregate to cross the size range 4,000>im to 2,000>jm 
(-2-0 0 to - 1 0 0); 10 layers to cross f rom 2,000>jm to l,000;jm 
(-1-0 0 to 0 0); and only five layers to cross f rom l,000>im to 
500;jm (0 0 to +1-0 0). This is generally understood intuitively as. 
Fig 6t 176 
RELATIONSHIP BETWEEN DIAMETER OF 
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for example, in Bagnold's words (1941, p 7) :-
"As rocks are degraded by the action of water and weatlier 
into smaller and smaller particles, fragments which are 
either soft, brit t le or easily soluble pass rapidly down 
the scale of size. These have but a short l ife as sand 
grains, and do not contribute much material to the exist-
ing sand of the Earth's surface. " 
It would seem., therefore, that a more "natural" scale for use 
on material that is weathering by granular disaggregation (or any other 
surface process) would be based on arithmetic rather than geometric 
size intervals. If the 0-scale is used, a bias is introduced against 
smaller rock fragments. 
Given an initial log-normal distribution of aggregates, the effects 
of surface weathering would cause the mode to "migrate" to the coarser 
end of the distribution with the development, perhaps, of a positive 
skewness. In the absence of experimental verification, such an 
assertion is clearly speculative. 
In this context, i t is interesting to note the report (Cari-oll, 
1952) of a negatively skewed distribution for the sand fraction of soils 
f rom sedimentary rocks ( a generalisation f rom a study of fine-
grained sandstones). On closer examination, however, it becomes 
apparent that the negative skew^ness was a feature of the size distribu-
tion of the original sand grains in the rock, and was not concerned 
with the size distribution of the rock fragments in the soil. 
Similarly, the sand fractions of soils in the study area only register 
the terminal products of granular disaggregation if the original detrital 
grains are of sand size. Such examples are found at P63 (Fig 6h), P i l l 
(Fig 6n), and perhaps P119 (Fig 6n). It is relevant to note that a 
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calculation of the skewness of tlie sand fraction (2, OOOjjm - 50jjm) 
would be based on an incomplete size distribution (as many of Carroll 's 
were) and would also tend to be negative, through the inclusion of the 
"rock fragments' t a i l " to the well-sorted log-normal distribution of 
the weathered residual sand grains. 
When the size distribution of siltstones is considered, the term-
inal products of weathering fa l l beyond the fine sand l imi t effectively 
displacing the same relationship of rock fragments to component 
grains towards the finer grades. The sand fraction in such cases, 
therefore, exliibits the size distribution of rock fragments only, and 
even then it is grossly incomplete, omitting fragments greater than 
2mm, The complete size distribution of such a "weathering system" 
would need to include at least three modes - that of the rock fragments, 
the si l t detrital grains and tlie clay matrix material. 
6.7.3 Towards an Absolute Weathering Rate 
If the evidence is accepted for the formation of silt and clay frac-
tions f r o m the granular disintegration, under chemical weathering, of the 
red siltstone fragments, then it is possible to obtain a crude measure 
of the absolute weathering rate by the use of a weathering model 
(Horbaczewski, :S74 - Appendix 6). 
The weight of si l t and clay released on the removal of one layer 
of grains f rom the rock fragments of each sieve fraction is calculated 
using Table 1 (in Appendix 6). The total weight is then divided into 
the actual weight of si l t and clay present in the soils and hence an esti-
mate of the number of layers lost is derived. Minimum and maximum 
values result f rom a consideration of both extremes of sieve intervals ~ 
a minimum value related to the larger l imi t where the proportional 
effect is smaller, and a maximum corresponding to the lower size 
l i m i t . 
In order to apply the model to residual soils, the size distribution 
must apply solely to the rock and its weatJiering products - soils must 
be uncontaminated. Unfortunately, only one of the soil samples satisfy 
tiiis condition - P58 (25-30cms) - (Fig 6r). 
Furthermore, several assumptions need to be made:-
(i) As the original unweathered size distribution is unknown, the 
present-day distribution has to be used as a base f o r calculations. It 
is appreciated that considerable changes may have occurred in the finer 
sand-sized rock fragments by the very mode of weathering. Thus the 
result, in terms of numbers of layers, is likely to be an overestimate. 
Nevertheless, gross errors should not result,, as high initial fine sand 
contents are not to be expected f rom frost-shattering (Wiman, 1963; 
Potts, . 1970) 
(i i) It is also a requirement of the model that there should be no 
weight loss due to true solution and removal by leaching; neither should 
tliere be any preferential movement of material by slope processes. In 
the f i r s t case some solution is bound to occur, and thus an under-
estimate is to be expected. Secondly, the selection of a sub-soil 
sample f rom a plateau location has minimised any possible particle size 
sorting. 
Finally, some of the limitations of the model should be restated:-
(i) The Devonian siltstones were formed from material tliat had 
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sedimented slowly f rom a relatively s t i l l suspension. Grains of 
s i l t , therefore, tended to be suspended in a finer matrix - the cement. 
Though the grains are fa i r ly dense in concentration, tJiey are not often 
contiguous, and cannot be said to be in a state of packing, whether 
open or close. Calculations based on such an assumption w i l l result 
in a disparity bet"ween the predicted and actual number of "layers" 
lost, favouring an overestimate. 
( i i ) The sil t grain size is taken as 40pm, which f rom micro-
scopic examination of the rock fragments seems to be a reasonable 
figure. Wliere the grain size is smaller, i t w i l l serve to compensate, 
by underestimating, the previous deviation f rom a state of packing. 
The results of the calculations (Table 6(i)) indicate that the 
removal of about 3-5 to four layers is sufficient to account for the 
formation of the sil t and clay fractions. Bearing in mind the limitations 
listed above, this figure should be treated as an order of magnitude. 
Nevertheless, tlie implications are far-reaching. The consider-
able amounts of si l t and clay in the soil (approximately 65% by weight 
of tlie Fine Earth) can result f rom the loss of a relatively small 
number of layers f r o m rock fragments in a significant (in terms of 
surface area) part of the size distribution. Furthermore, and more 
importantly, an absolute rate of weathering can be determined. 
Assuming that the onset of granular disaggregation can be 
ascribed to the increase in chemical weathering with the post-Glacial 
climatic amelioration (about 10,000 years BP) the rate of weathering is 
approximately 3-5 to four layers per 10,000 years or about one layer 
per 2,500 to 3,000 years. This, it should be emphasised, is an order 
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of magnitude for the weathering rate in the sub-soil at P58. 
TABLE 6(i) 
Calculation of Absolute V/eathering Rate 
SAMPLE P58 (25 -30cms) 
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Weight !gms) 
Total Fine Earth (<2,000>jm) 
Sand Fraction (2,000;jm - 50>jm) 











Original Weight (gms) 
(i) ( i i) 
2,000 - 1,200 6 51 6 83 
1,200 - 600 3 81 3 90 
600 - 420 1 08 1 10 
420 - 300 1 11 1 15 
300 - 250 0 71 0 74 
250 - 210 0 51 0- 52 
210 - 150 1 39 1 40 
150 - 105 1- 40 1- 48 
105 - 75 1- 76 1- 80 
75 - 63 1- 81 1- 98 
63 - 53 2. 84 2- 80 
Calculation : Original weight x fractional loss on removal of one 




Original Weight (gms) 
(i i) 
Min Max Min Max 
2,000 - 1,200 0-72 1- 17 0-75 1-20 
1,200 - 600 0-70 1-30 0-72 1-33 
600 - 420 0-38 0-51 0-38 0-52 
420 - 300 0-52 0-67 0-54 0-69 
300 - 250 0-43 0-49 0-45 0-51 
250 - 210 0-35 0-40 0-36 0-41 
210 - 150 1-08 1-25 1-09 1-26 
150 - 105 1-26 1-40 1-33 1-48 
105 - 75 1-76 1-76 1-80 1- 80 
75 - 63 1-81 1-81 1-98 1-98 
63 - 53 2-84 2-84 2-80 2-80 
11-85 13-60 12-20 13-98 
No of Layers = Weight of Silt and Clay Fractions 
Original Weight x Fractional Loss 




"The geologist's f i r s t task, after careful observation and 
description, should be to interpret his observations in 
terms of m.echanisms. A number of such interpretations 
of related strata suggest larger-scale interpretations in 
terms of processes, and a final syntliesis of all the obser-
vations and interpretations might suggest an interpretation 
in terms of environments . . , . " 
(Blatt, Middleton and Murray, 1972, p 33) 
Insofar as this advice also applies to tlie pedologist, three 
environments of soil genesis in tlie study area should be considered:-
(i) Glacial 
(i i) Periglacial 
( i i i ) Post-glacial. 
Strictly speaking, the f i r s t two encompass the processes of 
"parent material" formation (Nikiforoff, 1949), while the third is con-
cerned with soil genesis, but the arbitrariness of such a distinction 
w i l l soon become apparent. 
(i) Glacial Environment 
Glacial deposits, both unsorted and water-sorted, occupy exten-
sive tracts of tlie study area and in consequence have an important 
function as soil "parent materials". In general these surficial 
sediments are easily recognisable, but in some cases the glacial 
influence may be cryptic as a result of partial erosion. A reconstruc-
tion of the original environment of glaciation helps considerably in 
185 
identifying such areas and is, therefore, of relevance in a study of 
soil genesis. 
From their overall distribution and appearance, the t i l ls in the 
study area appear to belong to one glaciation. There is no evidence, 
for example, of two glacial deposits clearly separated by a major 
stratigraphical break; on the other hand, neither is there any con-
clusive proof of a single glaciation. Indeed, f rom regional considera-
tions (George, 1970) i t is very possible that the Marloes peninsula 
was directly affected by both of the most recent glaciations - the 
Saalian (Riss, Wolstonian) and the Weichselian (Wdrm, Devensian). 
In the absence of stratigraphical evidence, dating of the glacial 
material in the study area becomes problematical. It is generally 
acknowledged (George, 1970) that the earlier Saale Glaciation was 
more widespread than the Weichselian, and would therefore be more 
favoured as the source of the glacial deposits. 
Yet their freslmess, and association with meltYviater sediments 
that are undisturbed, and their relationship with periglacial features 
suggests that they belong to the Weichselian Glaciation. If that were 
the case, then the preceding Eemian interglacial period must have wit-
nessed extensive erosion that has left no trace of the older d r i f t material 
(John, 1971), Such a hjrpothesis (Jolin, 1971, 1972) has been supported 
by recent work (Garrard and Dobson, 1974; John, 1974), 
Even if the Weichselian age is accepted, there s t i l l remains the 
problem of defining precisely the maximum l imi t of this advance. Bowen 
(1973a, b) places i t against the cl i f fs along the northern coastline of the 
study area; John (1971) allows it to traverse the Marloes peninsula 
186 
entirely and to reach Milford Haven; Garrard and Dobson (1974) 
depict i t as encroaching over a narrow zone about 1km wide along 
the northern edge. 
None of these postulated l imits are very satisfactory. Bowen's 
hypothesis is incompatible with Weichselian deposits in the study area 
and has to be discarded if the latter dating is accepted. Jolin's (1971) 
case is weakened by the apparent absence of glacial material over 
much of the southern part of the peninsula. Garrard and Dobson omit 
to include the Dale t i l l sheet within their glacial l i m i t . 
What s t i l l seems to be generally agreed is that the area was mar-
ginal during the last glaciation. The Ir ish Sea ice would have had little 
erosive power and l i t t le "energy" to climb onto the peninsula. This 
appears to be borne out by the thinness of the t i l l sheets, evidence of 
ice-contact stratified deposits and the indications of temporary drain-
age impedance by "dead" ice. The t i l ls at Dale, especially, reveal the 
action of water-sorting and may correspond to the upper part of the for-
mation found in the I r i sh Sea basin and interpreted as a "melt-out" 
rather than "lodgement" t i l l (Garrard and Dobson, 1974; see also 
Boulton, 1972). 
I t could also be argued that post-Glacial erosion has caused the 
reduction or even disappearance of some of the t i l l cover. While i t 
is indisputable that the study area was subjected to prolonged and 
intensive conditions favourable to such processes, there is l i t t le evid-
ence of massive denudation. Inland valleys, such as the main east-
west drainage line on the Marloes peninsula, do not betray the accumu-
lation of much eroded material in their alluvial sediments, neither do 
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tlie smaller channels draining t i l l sheets. Quartz contents in the coarsest 
soil sand fraction - a possible indicator of residual glacial material -
do not favour a hypothesis of large-scale erosion. Absolute quartz 
concentrations tend to be low even in soils close to areas affected by 
glaciation where they become high (section 5.4.5). Finally, there 
is no "residual" evidence of glaciation f rom larger erratics. 
On balance, a hypothesis of partial glaciation of the study area 
seems most probable, thus agreeing broadly with Garrard and Dobson 
(1974). In detail, however, tliere are important differences. Glacial 
encroachment over tiie study area is thought to have talcen the form of 
"tongues" along lines of least topographical resistance (see Figure 7a). 
This factor would have been particularly significant, bearing in mind 
the marginality of the area and the low energy of the ice. The sub-marine 
topography as well as the configuration of the present-day land-mass, 
and the prevailing direction of ice-movement f r o m the north-west 
(modified locally by obstructions - Garrard and Dobson, 1974) liave 
also to be taken into account. 
The distribution of glacial deposits, both sorted and unsorted, 
conforms well to such an explanation. The m.aximum advance inland of 
tiie t^ vo "tongues" is defined by well-sorted glacial sediments taken as 
evidence of ice-contact or terminal melting. Thus the Gann valley is 
lined with a kame terrace Qohn, 1972) which is associated with t i l l -
like material around Pearson Farm at its northern end (see Pedogenetic 
Map - inside back cover). The easterly "tongue" abuts on the main 
east-west drainage line and there is good evidence of water-sorting of 




loca l i ty that the accumulation of "dead" ice is suspected f r o m the 
presence of a hump-backed channel (plate 3). That this was the very-
l i m i t of g lac ia t ion is f u r t h e r suggested by the extreme thinness of the 
t i l l sheets (section 3 .5 ) . South of the drainage l i n e , thin red siltstone 
soils p r e v a i l , although a suspected t i l l "ou t l i e r" at St Ishmael 's 
v i l lage may represent a minor additional pulses and anomalously high 
absolute quartz contents in the thin soils at Sandyhaven F a r m (Fig 5g) 
may also be of g lac ia l o r i g i n , although the exact connection is not 
c lear . 
To the west , the ice appears to have swept over the smal l pen-
insula of West Marloes (including also Skomer and Skokholm islands 
i n i ts path, although these are not technically wi th in the study area and 
have not been shaded in Figure 7a), and ca r r i ed on southwards, 
shearing along the western edge of the Dale peninsula. A smal l pocket 
of impacted t i l l is found on the coastline north of Marloes v i l lage , 
although i ts precise extent is uncertain. The greater part of the west 
Marloes peninsula is smeared w i t h unsorted mate r ia l , but there are 
also wate r - sor ted g lac ia l sediments occupying the smal l val ley d ra in -
ing westwards into Marloes Sands (see P 15 - Plate 8), and these may 
be indicative of mel t ing "stranded" ice in this loca l i ty . Tlie re la t ive ly 
high l eve l of these sediments (about 15m A OD) suggests some blocking 
of drainage to the south, possibly by an ice mass. Along the Dale 
peninsula, l i m i t e d t ransgression of ice resulted in the deposition of 
a wedge of t i l l w i t h a thickness of several metres on tlie western c l i f f -
l ine and a feather-edge a few hundred metres to tlie east. 
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( i l ) Per [glacia l Environment 
"We cannot deny the role of ice in the shaping of the 
West Wales landscape, but we should recognise that 
pe r i g l ac i a l , rather than g lac ia l , processes have 
been operative f o r the greatest propor t ion of late 
Pleistocene time, " 
Qohn, 1971, p 153) 
As a consequence of the location of south-west Wales in the r e l -
a t ive ly w a r m oceanic approaches of Great Br i ta in and because south-west 
Wales l ies close to the southern l i m i t s of glaciat ion by the I r i s h Sea 
g l ac i e r , tiie per ig lac ia l per iod associated wi th this region is consid-
ered to have been prolonged in comparison wi t l i more nor ther ly and 
Inland areas. But i t is also thought to have experienced re la t ive ly mi ld 
and humid conditions and, accordingly, should exhibi t few features 
indicative of intense pe rmaf ros t conditions (John, 1973). 
Thus tiie induration of soils attr ibuted to severe freeze-tl iaw 
action (F i t zpa t r i ck , 1956), and reported f r o m Cardiganshire (Stewart, 
1961) and f r o m the South Wales coal f ie ld (Grampton, 1965) is missing 
in the study area. While considerable thicknesses of screes were 
f o r m i n g in the uplands of nor thern and mid-V/ales (Ball , 1966) and 
south Wales (Woodland and Evans, 1964) the plateau surfaces of the 
study area accumulated a f ros t -shat tered regol i th probably l i t t l e thicker 
than i ts present thickness of 25-30cms. On the other hand, such 
d i f ferences may be at t r ibuted to t e r r a i n and moisture factors besides 
temperature . 
Evidence of past freeze-thaw act iv i ty is present in the f o r m of 
ice wedge casts reported f r o m the kame terrace at Mullock Bridge 
Gohn, 1972), while features suggestive of cryoturbat ion have been 
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encountered in coastal exposures near P94 at. St Brides Haven, The 
occurrence of presumed pingo scars ( s t i l l needing to be corJirmed) 
in the study area (see section 2. 4) indicates past permafros t conditions. 
As they appear to have fo rmed diachronously v.'ith some overlapping, 
and as tiiey are located in a low topographical posi t ion favouring m.oist-
ure ava i l ab i l i t y , i t is l i k e l y that these represent "opsn-system" ra ther 
than "closed-system" pingos and as such are an indication of discontin-
uous p e r m a f r o s t (Wasliburn, 1973, pp 153-161; F lema l , 1976). 
Wi th re la t ive ly mi ld per ig lac ia l conditions, so l i f luc t ion deposits 
are to be expected Qohn, 1973) and may be represented in the Head at 
West Dale Bay (Groom, 1956) which is attributed to the late Glacial 
per iod (Pollen Zone I to I I I , o r e a r l i e r ) Qolin, 1972). Soliflucted 
gravels on the f lank of the kame terrace at Mullock Bridge may also be 
as late as Zone I I I in o r i g i n and may post-date or coincide wi th wind-
blown s i l t s (John, 1972). A f ine example of sol i f lucted sediments, 
d isplaying a downslope orientat ion of shaly rock fragments is to be seen 
at F4 - Plate 7 - and w i l l be returned to presently. 
Evidence of a d i f f e ren t k ind and possibly indicating past per ig lac ia l 
conditions is found in the f o r m of stone l ines. Stone lines have been 
repor ted f rom, many environments (Shaw, 1929; Parizek and Woodruff , 
1957; Ruhe, 1959; Vogt, 1966; Cur t i s , 1975) and are subject to various 
in terpre ta t ions (Wallace and Handy, 1961) : essentially those that have 
resul ted f r o m incorporat ion of coarse mater ia l at the base of a m.oving 
so i l mass as in so i l creep, or those that represent stone pavements 
bur i ed by slope-wash. (In addition, to geomorphological causes, a 
b io log ica l " sor t ing" act ion has been at tr ibuted to earthworms -
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Webster, 1965.) 
Ball (1967) interpreted stone lines in soils of Caernarvonshire, 
nor th Wales, as representing erosional stone pavements, developed 
i n thaw periods wi th strong surface m n - o f f and impeded drainage 
due to a f rozen sub-so i l , that were buried by per ig lac ia l and so l i f luc t ion 
processes i n the Late-Glac ia l per iod. The s i m i l a r i t y of the soils i n 
the study area to those described by Ball is close : the layer over ly ing 
the stone l ine is re la t ive ly fine i n g r a i n and remarkably stone-free -
such a degree of sor t ing is unl ikely to resul t f r o m soi l creep in these 
stony s o i l s , but is to be expected f r o m slope wash; moreover, the 
stone l ines are found on sloping ground over both t i l l and bedrock in 
locations w i t h a potential up-slope source of fine mater ia l . They are 
absent on plateau surfaces. The la te ra l displacement of som.e of the 
stones f r o m their source by as much as several metres mil i tates 
against a biological agency, although i t may contribute, in par t , towards 
the f o r m a t i o n of a stone l ine . 
By f a r the most ubiquitous phenomenal that is probably indicative 
of past pe r ig lac ia l conditions, however, is the contamination of the 
so i l sand f r a c t i o n (and possibly also the s i l t f r ac t ion ) by quartz. 
F r o m its appearance i t is c lea r ly not derived f r o m any of the rocks in 
the study area, and its size d i s t r ibu t ion suggests an aeolian o r i g i n . 
Aeol ian ac t iv i ty in a per ig lac ia l environment is almost inevitable, 
especial ly where broad outwash plains and exposed glacia l deposits 
can act as sources (Washburn, 1973, p 228). With a sea-level reduced 
by as much as 100 metres below that at present(Donn et a l , 1962) there 
would have been extensive t racts of g lac ia l debris around the study 
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area. Indeed, i t is probable tliat much wind-blown mater ia l collected 
at the base of the c l i f f s only to be reworked later by the high-energy 
surf zone of the advancing Flandrian Sea. Relatively l i t t l e was 
c a r r i e d up onto the plateau surface, but i t is the only record which 
has remained since the r e tu rn of the sea. 
A pa r t i cu l a r l y interest ing so i l p r o f i l e , indicating tlie possible 
sequence of events, is to be found near the coast nor th of Marloes 
vi l lage (P4 - Plate 7) . The lowermost stony hor izon, interpreted as 
a so l i f l uc t ion deposit, is over la in by a stone-free horizon of much 
f i n e r ma te r i a l . Quartz contamination of the sand f r ac t i on is present 
in this upper layer but dies out at a depth of about 40 cms - the top of 
the stony hor izon (see Table 5(i)) . I t Is therefore suggested that in 
this case so l i f luc t ion pre-dated the deposition of the f ine r mater ia l -
possibly a slope wash deposit - which may i t se l f have post-dated or 
coincided w i t h an aeolian phase. Such a late dating is also supported 
by the findings at Mullock Bridge (John, 1972) where a thin loamy sand 
hor izon , interpreted as an aeolian deposit^ occurs near the top of a 
s t ra t igraphica l section and is ascribed to the la te-Glac ia l . 
Evidence f o r la te-Glacia l aeolian ac t iv i ty is also available on 
regional and national leve ls , although references are widely scattered 
(Washburn, 1973, pp 227-231). Loess- l ike deposits have been repor-
ted f r o m sites along the Welsh coasts (George, 1932; Watson and 
Watson, 1967), though inland they are expressed in the f o r m of a 
crypt ic contamination of so i l s , as i n Glamorgan (Crampton, 1961). 
S i m i l a r aeolian ac t iv i ty affected other parts, of Br i t a in (Perr in , 1956; 
F indlay , 1965; Qayden, 1971; Cur t i s , 1974). 
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One over r id ing p rob lem of environmental reconstructions 
based on wind-blown deposits is that s i l t can be ca r r i ed f a r f r o m its 
o r ig ina l source and therefore its presence at a par t icu la r local i ty is 
not necessari ly an indicat ion of past per ig iac ia l conditions 
(Washburn, 1973, p 228). In contrast to tlie s i l t c a r r i ed in suspen-
s ion, sand is transported by the mechanism of saltation which does, 
not a l low f o r any great distance to be covered (see Franzmeier , 1970). 
Thus sand dunes are considered to be better environmental indicators 
than s i l t loess (Wasliburn, 1973, p 228). The "sajid mode" of the 
contaminant i n the soils of the study area is an indication of a close 
source and, i f related to the "loamy sand" of Mullock Bridge, appears 
to be a product of the las t per ig lac ia l episodes. 
( i i i ) Post-Glacial Environment 
The development of soils is closely related to changes in cl imate 
and vegetation. In general terms there is a sequence of phases dur ing 
the temperate in terglac ia l stage fo l lowing a glaciat ion (West, 1970):-
( i ) Cl imat ic amel iora t ion . 
( i i ) Expansion of a l ight-demanding f l o r a . 
( i i i ) Soil improvement to mul l condition and expansion 
of shade-giving fo res t genera. 
( i v ) Soil de ter iora t ion to mor condition and/or 
expansion of l a t e - a r r i v i n g genera, 
(v) Cl imat ic de ter iora t ion , r e s t r i c t i on of thermophilous 
genera, expansion of heathland. 
The las t phase leads into per ig lac ia l conditions and eventually to 
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f u l l g lac ia t ion . I t should be noted that i n the study area this simple 
procession of environmental changes would have been modified by 
the exposure of the peninsula to the open Atlantic ocean as we l l as 
by i ts p r o x i m i t y to a moderating marine influence (Edl in , 1960). 
The c l imat ic amel iora t ion fo l lowing the last Weichselian (Riss, 
Wiirm, Devensian) glacia t ion was marked by a r i se in temperati ire 
at the Pollen Zone I I I / I V boundary. In coastal areas, as f o r example 
at Clarach near Aberys twyth , Wales, palynological and radiocarbon 
dating evidence has shown this to have been a ve ry rapid increase 
( T a y l o r , 1973, p 311). The resultant vigorous organic ac t iv i ty set 
o f f pedogenetic processes, and thus the t ime-zero f o r soi l fo rmat ion 
in the s t r i c t b iological sense can be considered to be the end of Zone 
I I I (Smith and Tay lo r , 1969). 
Though a general picture of the evolution of the post-Glacial 
environment has been provided by the research fo l lowing Godwin's 
(1956) pioneering work ( for example, Pennington, 1969; Walker and 
West, 1970; T a y l o r , 1973), a detailed reconstnaction f o r the study 
area is s t i l l not possible. 
I t is ve ry l i k e l y that w i th the r e tu rn of sea-level to approximately 
that of the present day, a f l o r a would have become quickly established 
under the moderate coastal c l imate . The inlierently f e r t i l e red s i l t -
stone r ego l i th would have tended towards the fo rmat ion of a brown 
ear th so i l - probably s i m i l a r to the brown fores t so i l of "pH 6 - 0 o r 
thereabouts" envisaged by Tay lo r (1960) f o r the Cardigan Bay coastal 
zone. Th i s ear ly Boreal (Zone V) development is succeeded by a change 
to w a r m e r but wetter conditions which led to the fo rmat ion of podzols 
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and peaty so i l in upland areas (over 300 metres) of V/ales (Smith 
and T a y l o r , 1969; Crampton, 1968). However, so i l evolution in the 
study area was probably l i t t l e affected owing to the combination of a 
moderated c l imate and high natural soil f e r t i l i t y , and probably only 
tended towards a f u r t i i e r gradual reduction i n pH under the action of 
chemical v^eathering and leaching. 
A decline in woodland in the Welsh uplands is reported at the 
end of the Atlantic c l ima t i c opt imum (Zone Vi la ) (Taylor , 1973), 
leading to an expansion of m.oorland and additional, soi l changes (Smith 
and T a y l o r , 1969). A l so , at about this t ime the ac t iv i ty of Neolithic 
man is suspected in the vegetation changes at some local i t ies (Smith, 
1970). 
I n the study area, the so i l was probably brought into cul t ivat ion 
at an ea r ly stage - cer ta in ly in the Bronze Age, i f not ea r l i e r (Grimes , 
1973). Qearance of the scrub or open woodland that constituted the 
na tura l " c l imax" vegetation probably led to the degradation of soils 
f r o m brown earths to rankers . Since then the land has remained under 
continuous cu l t i va t i on and although many of the soils resemble rankers, 





( i ) Soil genesis started in the study area at the beginning of the post-
Glacia l per iod (Pollen Zone I I I ) , i . e . , 10,000 years BP. The fac tor 
of vegetat ion, important i n i t i a l l y , has been replaced by Man. 
( i i ) The type of so i l is s t rongly governed by its "parent mate r ia l " . 
Thinness and patchiness of s u r f i c i a l g lacia l deposits i n the study area 
sometimes makes delineation of parent mater ia l classes d i f f i c u l t . 
E m p i r i c a l c r i t e r i a , based on the l i tho logica l composition of the 
coarsest sand f r a c t i o n (2,000 j jm - 1,200;jm) have been derived to 
define soi ls developed f r o m bedrock and the degreee of contamination. 
"Absolute" rather than " re la t ive" l i thological contents were found to 
be more useful i n this genetic study. 
( i i i ) Another f o r m of contamination has been discovered in top-soils by 
detailed size d i s t r i b u t i o n analysis of the sand f r ac t i on ; i t appears 
to be ubiquitous and is ascribed to aeolian ac t iv i ty occur r ing p r inc ip -
a l l y under pe r ig lac ia l conditions of the la te -Glac ia l . 
( i v ) Per ig lac ia l conditions were also responsible f o r the fo rmat ion of a 
f ros t - sha t t e red rego l i th on the plateau surfaces to a depth of about 
25 -30cms . Freeze-thaw ac t iv i ty ceased ent i re ly in the study area 
w i t h the r e t u r n to the present sea-level and the consequent climiatic 
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moderat ion, 
(v) Weathering of the rocks has therefore proceeded by chemical weather-
ing. Other physical processes of weathering - wet t ing-dry ing , 
haloclasty and thermoclasty - liave not been operative in the soi l 
environment . 
(v i ) Chemical weathering has proceeded by attacl^ing tlie intergranular 
m a t r i x (cement) of the red si l tstone^ thereby releasing the " p r i m a r y " 
d e t r i t a l par t ic les of s i l t and clay. 
( v i i ) F r o m theoret ical considerations of the amounts of s i l t and clay produced 
an absolute rate of weathering can be estimated. 
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APPENDIX 1 
(i) Soil Texture Analysis (Bouyoucos Determination) 
Most of the top-soils and some of the sub-soils of profiles PI 
to P56 were analysed for texture (sand, s i l t and clay content). 
Samples were split and al l analyses were conducted on duplicate sub-
samples, as indicated in Fig A, in order to monitor experimental 
precision. Where a difference in results greater tlian 2% was 
recorded, tlie analysis was repeated. 







The method for obtaining the clay content was essentially that 
of Bouyoucos (1951). 50gms of oven-dried Fine Earth (fraction less 
than 2,000;jm or 2mm) was dispersed in water after treatment with 
3 
5 cm of N sodium hexametaphosphate (Calgon) and agitation in an end-
over-end shaker overnight. The density of the suspension after two 
hours of settling was determined with the Bouyoucos hydrometer and the 
appropriate calculations made, allowing for temperature corrections, 
to obtain the clay content. 
With most of the soil samples an initial weight of 50gms ensured 
a concentration of about 25 to 35gms of silt and clay per l i t re -
concentrations at which the hydrometer method has been shown to be 
more efficient than the pipette method of analysis (Sternberg and 
Creager, 1961; see also Kaddah, 1974), 
The sand content was determined by passing the suspension through 
Fig A 
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F L O W S H E E T O F E X P E R I M E N T A L P R O C E D U R E 
FOR S A N D F R A C T I O N A N A L Y S I S 
Finn S r V i P L F 
C r a h s a n p l c t.iJ;en f r o n 
s o i l p i t and s t o r e d i n 
s c a l e d pla^T i c b i g . 
A i r - d r i e d f o r 5 days at room temp. 
AiR-rmini) rn±i' SA.vpLr. 
I 
L i g h t l y crushed ivi th p e s t l e . 
Passed throui;Ii No. 8 s i e v e . 
< 2000>im 
FINE E.^ RTll S.WIV. 
Heated o v e r n i g h t at 105°C 
t 
OVEN-DRIED FINE EART1I S.WPLE 
> 2000 pm 
S p l i t on r i f f l e r 
f t 
EXPERIMENTAL SAMPLE SURPLUS FINE EARTH 
S p l i t on r i f f l e r 
DUPLICATE EXPERIMENTAL SAMPLES 
Shaken o v e r n i g h t i n water / • C a l g o n / 
HASHED EXPERIMENTAL SAMPLE 
I I 
Passed through No. 300 s i e v e 
WET SAND FRACTION >50;jm 
Heated o v e r n i g h t at lOS^C 
I I 
DRY SAND FRACTION 
I I 
Passed through nes t o f s i e v e s 
/ m o s t l y 0 . 5 ^ i n t e n ' a l / on 
automat ic s h a k e r f o r 5 rains. 
S I E V E FRACTION SA>TLES 
l l l l l l l l 
Weighed s e p a r a t e l y 
COAP.SE SAND FRACTION 
F r a c t i o n between s ^ i v e No. 8 2000 — 
and .No. 14 / B . S . / 
I 1200>jm 
Hand s e p a r a t i o n i n t o l i t h o l o g i e s 
A 
LITIIOIOGICAL COMPONENTS OF COARSE SA.ND FRAaiON 
BOIIYOUCnS DETERMINATION 
f o r s i l t and c l a y 
KET S I L T AVD C U Y FPJ^CTION <50>jm 
Sub-samples taken f o r XPD . 
A n a l y s i s or D i s c a r d e d 
OTOER SAND FRAniONS 
Reconbined and Stored 
JKH 
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a 60 pm sieve (British Standards sieve No 240 - 63 jjm aperture). 
The retained sand fraction was dried, weighed, and the percentage by 
weight of the original oven-dried Fine Earth obtained. 
The sil t content was derived simply by subtraction of sand and 
clay percentages f rom the total of 100%. 
Some analyses of fine gravel content (6,000>im to 2,000;jm -
6mm to 2mm) were also carried out for some samples. Instead of 
obtaining an initial Fine Earth sample (<2,000pm), the raw soil 
samples were passed through a coarser (6,000jjm) sieve. After the 
standard Bouyoucos determination, a 2,000,um sieve was used to 
separate the fine gravel f rom the sand fraction. In the calculations 
the base for percentages was taken as the material under 2,000;jm 
and the fine gravel content was related to this "Fine Earth" base and 
thus could, theoretically, exceed 100%. 
(i i ) Sand Fraction Analysis 
The sand fraction was analysed by the procedure outlined in 
Figure A and described in section 6,4.2. Sieves based on British 
Standards scales (1967) have been used throughout. 
( i i i ) Moisture Content (MC) 
lOgnris of air-dried "Fine Earth" were placed in a weighed 
nickel crucible and heated overnight at a temperature of 105°C. The 
percentage moisture by weight lost by the oven-dried soil was calcu-
lated as a percentage of the a i r -dry soil. 
Appendix 1 
(iv) Loss on Ignition (LOI) 
The oven-dried sample from tlie moisture content determination 
was then placed in a furnace at a temperatxire of 800°C for 30 minutes. 
The resultant loss in weight was calculated as a percentage of the oven-
dry soil. 
NB: Loss on ignition is a crude method of estimating the content of 
organic matter, as there may also be loss of structural water from 
clay minerals at this temperature. It is, however, a much more rapid 
method than that of Walkley and Black (1934) for organic carbon (some 
results from this latter method are included in Horbaczewski, 1975 -
Appendix 3). (For MC and LOI calculation, see Bascomb, 1974, 
P 14.) 
(v) £H 
pH, measured on a direct reading pH meter, v;as obtained 
for most of the soil samples. Readings were taken on a 
slurry of undried soil mixed with distilled water. Frequent checks with 
buffer solutions checked against instrument "drift". Results v/ere 
expressed to one decimal place. 
(vi) X-ray Diffraction Analysis 
X-ray diffraction analysis was used to determine the broad 
mineralogy of soil samples. Sub-samples of the "Fine Earth" were 
ground up to a fine powder in a mortar and packed - untreated - into 
cavity mounts. They were scanned with CuKo; radiations from 2° 29 
to 40°20 at a speed of 2° 20/minute. Peaks were converted to "d" 
(lattice) spacings using standard tables (Parrish and Mack, 1963) and 
were interpreted using ASTM mineralogical identification cards. 
Used in this maimer, the method is very crude and does not 
distinguish the detailed structure of the clay minerals, which requires 
the use of refined, orientated slide samples and numerous treatments 
(see Brown, 1961). 
APPENDIX 2 
Texture Ajialysis of Top-Soils (0-22cms) 
All samples taken from a depth of 5-15 cms 
Sand -^ 2,000jjm to 50 pm 
Silt = = 50 pm to 2 jjm 
aay = = < 2 pm 
Sample % Sand % Silt % aay 
P 2 42-9 29-4 
P 3 32-7 29-4 
P 8 28-8 28-0 
P12 29-7 31-8 
P13 20-2 42-5 
P14 18-5 31-4 
P15 58-1 18-3 
P20 35-8 28-8 
P22 33-0 • 36-4 
P24 34-0 37-7 
P25 38-4 29-9 
P26 34-5 36-8 
P28 40-2 35-0 
P29 27-6 30-5 
P30 44-2 24-4 
P31 40-4 27-4 
P32 40-6 30-4 
P33 38-4 32-5 
P34 38-8 32-7 
P35 37-6 29-2 
P36 37-4 39-8 
P37 30-1 32-4 
P38 34-2 31-6 
P39 36-1 31-7 
P40 37-0 30-0 
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Sample % Sand % Silt % aay 
P41 32-8 30-1 
P42 34-2 30-4 
P43 30-8 35- 1 
P44 30-4 26-4 
P45 37-0 29-6 
P46 31-2 34-0 
P47 42-1 24-4 
P48 . 30-1 30-8 
P51 32-4 24-5 
P52 37-2 25-7 
P53 41-2 20-4 
P55 34-2 29-6 
P56 30-9 26-6 
P64 39-2 25-0 
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•^ JlieJourJ^ ^^^^ University Geographical Socieiy, 1975, v 17 (pp 8-16) 
ALUMINIUM AND M A N G A N E S E ' T O X I C I T Y ' T O ' B A R L E Y IN AN A C I D S O I L 
Jc HORBACZSWSKI 
Summary 
A d e t a i l e d study of a f i e l d w i t h iwo soil types was made i n crdar to f i n d the 
cause of p - a r t i a i b a r l e y f a i l u r e i n summer 19/'3„ Toxic iviiiounts- cf p i a n t - a v a i l a b i e 
aluminium and manganese V7sre encountered i n 'che s o i l w i t h a poor barley stand, but 
were much reduced i n the s o i l bearing a healthy crop, Differences between moisture 
regimes f o r the two s o i l s are l arge and may havs been c r i t i c a l i n e a r l y growth 
staj:es of the plane. Liming was recommended to decrease the a c i d i c y of the poor 
s o i l and so reduce the pH-dependent, p l a n t - a v a i l a b l e aluminium and manganese l e v e l s . 
F o llowing t h i s treatment there was an improvement i n the succeeding year's. barley 
(summer 1974)« 
I n t r o d u c t i c n 
This study was undertaken on B r o c m h i l l Farm i n my research study area i n 
South-west Dyfed ( f o r m e r l y Pembrokeohire)» One c f the f i e l d s , \vhich had been 
enlarged through scrub removal several years p r e v i o u o i y , s u f f e r e d p a r t i a l barley 
f a i l u r e ^ The o b j e c t i v e was to determir:e the main d e t r i m e n t a l cause and to suggest • 
a remedy. 
Barley performance was judged i n the f i e l d ( i n September 1973) from the density 
and appearance of the stubbie remaining a f t e r the harvest, and from the farmer's 
accounts P a r c i a l f a i l u r e (sparse and weak stubbie) was confined to the higher 
ground on the eastern side' of the f i e l d , w h i l e the lower reclaimed land had a good 
'tand. 
An i n s p e c t i o n of f i v e s o i l p i t s (see map) revealed t h a t there were two d i f f e r e n t 
s o i l s , s c rcngiy c o n t r o l l e d by copography, i n the one f i e l d . The f i r s t , w i t h the 
g e n e r a l l y poor b a r l e y stand ( s i t e s D and £), V7a3 a shallow stony s o i l developed on 
Devonian red s i l c s t o n e s c The reclaimed s o i l ( s i t e s A, B and C), on the other hand, 
was much deeper w i t h fewer stones, higher organic matter and a b e t t e r t i l t h , Grain-
size d i s t r i b u t i o n and composition analyses of the sand f r a c t i o n i n d i c a t e t h a t the 
l a t t e r occupies an o l d stream channel w i t h the water-sorted sediments probably 
deriv e d from a t i l l sheet several hundred yards to the south. Sice A shows some 
c h a r a c t e r i s t i c s t r a n s i t i o n a l between the two s o i l s both i n genesis and crop 
performanceo 
Although there i s no surface drainage a t present there i s evidence t h a t the 
channel i s s t i l l a c t i v e i n t r a n s m i t t i n g subsurface water. A e r i a l photographs 
(RAF 1959) r e v e a l a darker tcne, suggesting higher moisture contents, i n the western 
h a l f of t h e f i e l d although t h i s may be p a r t l y caused by the higher organic matter 
i e v e l S o Abundant manganese s t a i n i n g i n the lower horizons of the channel s o i l 
p o i n t s to v a r i a b l e o x i d a t i o n - r e d u c t i o n c o n d i t i o n s u s u a l l y caused by a f l u c t u a t i n g 
w a t e r - t a b l e . There are no signs of g l e y i n g but t h i s i s not unusual w i t h these 
red s o i l s . The i r o n , present as hematite, i s p a r t i c u l a r l y r e s i s t a n t to r e d u c t i o n 
and any g l e y i n g present i s o f t e n masked by the strong red c o l o u r a t i o n . I t may 
be t h a t o nly r e c e n t l y has t h e water-table dropped s u f f i c i e n t l y f o r the land .to be 
s u i t a b l e f o r r e c l a m a t i o n , Ac the time of the survey i n September 1973 there was 
no evidence of a w a t e r - t a b l e i n any of the p i t s . 
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LOCATION OF SOIL SAMPLING SITES 
Partial barley failure 
SM 80 05 0-5 Kms 
B r i e f f i e l d d e s c r i p t i o n s of the s o i l p r o f i l e s were made and are included, 
i n p a r t , here. For the pruposes of t h i s study only the samples taken from the 
plough l a y e r , at a depth of 5-15 cm., have been used. 
Results and Discussion 
The i n i t i a l pH determinations (Table 1) showed a considerable v a r i a t i o n 
between the f i v e s o i l samples, the extremes at pH 4.8 and pH 6,0 being 
associated w i t h very poor and very good b a r l e y stands, r e s p e c t i v e l y . C r i t i c a l 
values f o r . b a r l e y are quoted as pH 5.8 (Davies, Eagle and Finney, p.43) and pH 
•5.9 (M.A.F.F. p.16) but these are only rough guides as they are dependent on other 
s o i l p r o p e r t i e s . 
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Comparison of Selected S o i l Properties 
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S o i l a c i d i t y can a f f e c t crop y i e l d s i n seversil ways., sicriough the high hydrogen-
ion, c o n c e n c r i t i o n i s i t s e i f only d e s t r u c t i v e at exceptio'aally low pH values. More 
important i s the e f f e c t on the s o l u b i l i t y , and hence a v a i l a b i l i t y to p l a n t s , of some 
metals 0 Concentration may become d e f i c i e n t or t o x i c . Early work (Har t w e l l and 
Pember 1918» Burgess and Pember 1923) chewed th a t aluminium was released i n t o x i c 
amounts i n a c i d s o i l S o Excessive mang3ne.i'e can als.o become a v a i l a b l e under these 
c o n d i t i o n s but there i s l i t t l e or no c o r r e i a t i o - n between these two metals (Koyt and 
Nyborg 1972), • For t h i s reason t e s t a have been c a r r i e d out f o r both aluminium and 
manganeseo 
There are many e x t r a c t i o n procedures which attempt to detenriine the amounts of 
the metals a v a i l a b l e to the p l a n t s o A discussion of these i s not r e l e v a n t here 
and the reader i s r e f e r r e d t o some e x c e l l e n t papers on the subject:- Leeper 1947, 
Sherman and Harmer 1943, Boken 1958, Koyt ana Nyborg 197ia, b,"l972. 
A l l the determinations on manganese and aluminium d i s p l a y trends consistent 
w i t h crop performance and pH (Table 1)„ Values f o r t o t a l manganese show wide 
d i f f e r e n c e s which are more l i k e l y due to parent m a t e r i a l v a r i a b i l i t y than s o i l 
c o n d i t i o n s o The Benzidine Test allowed f o r a c l e a r and r a p i d v i s u a l estimate of 
the c o n c e n t r a t i o n of manganese forms r e a d i l y a v a i l a b l e to p l a n t s ( s o - c a l l e d " a c t i v e 
manganese") but the l i m i t a t i o n s i n i t s use should be noted (see Appendix) . The 
r e s u l t s f o r p l a n t - a v a i l a b l e aluminium and manganese f o l l o w the same trend but show 
much wider v a r i a t i o n i n the aluminium l e v e l S c They are discussed i n more d e t a i l 
below (Table 3 ) . 
The p h y s i c a l t e s t s i n Table 1 demonstrate the expected c o n t r a s t i n f i e l d 
moisture contents, which are a r e f l e c t i o n of the topo-drainage regime. The 
standard ( i n h e r e n t ) moisture contents; however, do not d i f f e r appreciably, 
suggesting t h a t the water-holding capacity i s the same f o r the plough-layer of the 
two s o i l s . Organic matter l e v e l s , as determined by the Walkley and Black (1954) 
method agree f a i r l y w e l l v j i t h the f i e l d evidence which c l e a r l y points to higher 
contents i n . t h e l o w e r - l y i n g reclaimed s o i l s o 
I n order to deterrriine concentrations of metals t o x i c or d e f i c i e n t to plants 
and f o r the sake of c o m p a r a b i l i t y , n u t r i e n t c u l t u r e s o i u t i c n s have o f t e n been used. 
Published r e s u l t s from some studies are presented i n Table 2o Differences between 
workers occur and more s i g n i f i c a n t l y between barley v a r i e t i e s i n t h a i r 
s u s c e p t i b i l i t y to aluminium, upper l i m i t s of t o x i c concentrations ranging from 1 to 
4 ppm. Values above t h i s are d e f i n i t e l y harmful. P l a n t - a v a i l a b l e aluminium 
l e v e l s obtained i n t h i s study compare w e l l , w i t h good barley stands at 1.05 ppm 
and poor ones, a t 6,45 ppm. Very l i t t l e data was found f o r c r i t i c a l manganese 
concentrations i n n u t r i e n t c u l t u r e s o l u t i o n s although Williams and Vlamis (1957) 
r e p o r t maximum values f o r b a r l e y of 0,5 to 5.0 ppm,, depending on the time of year 
( l e n g t h of day and temperature), 
As the e x t r a c t i o n technique of Hoyt and Nyborg (1972) was used f o r p l a n t - • 
a v a i l a b l e aluminium and manganese determinations, i t i s possible t o compare 
d i r e c t l y the r e s u l t s of t h i s work w i t h t h e i r s (Table 3 ) , 
Manganese values shew a d e f i n i t e trend w i t h increasing pH i n the Pembrokeshire 
s o i l s but are more e r r a t i c i n the Canadian ones. The r e l a t i v e l y h igh manganese 
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TABLE 1 - LABORATORY RESULTS (expressed on weight of f r e s h s o i l basis) 
_— _ 
SITE A B C D E 
Barley Stand Good V.Good V.Good Poor V. Poor 






Abundant Rare Occasional V, frequent Abundant 
To t a l Mn (ppm) 1000 250 750 1188 1560 
P I a n t - A v a i l a b l e 
Al (ppm) 
1.05 0.25 <0.15 6,45 12.00 
P l a n t - A v a i l a b l e 
Mn (ppm) 
0,35 0,10 0.05 3.85 8.40 
F i e l d Moisture 
Content % 
(Air-Dry) 
15.45. 22.85 26,95 8,30 9.80 
Moisture Content 
Z (Oven-Dry) 
1.40 1,40 1.60 1.65 1.70 
Carbon % 
(Walkley & Black) 
2,30 7.3 >7.9 4.6 4.5 
concentrations associated w i t h good barley stands f o r the Canadian s o i l s would 
suggest t h a t t h i s i s not a l i m i t i n g f a c t o r i n the Pembroke crop. Differences i n 
s o i l s , c l i m a t e and b a r l e y v a r i e t i e s w i l l a f f e c t a d e t a i l e d comparison, p a r t i c u l a r l y 
i n the absence of supporting data, but the order of magnitude i s apparent -
contents up t o about 10 ppm. of p l a n t - a v a i l a b l e manganese not being t o x i c to the 
Canadian b a r l e y . 
S u r p r i s i n g l y s i m i l a r r e s u l t s are obtained from a comparison of barley 
performance w i t h pH and aluminium values. For both studies (Hoyt and Nyborg. and 
myself) the c r i t i c a l values f o r barley f a i l u r e appear to be a t pH 5,0 and p l a n t -
a v a i l a b l e aluminium concentrations of about 3 ppm. 
Good performances are achieved above a pH of about 5.1 and an aluminium 
content of le s s than about 1.5 ppm, provided these are the only l i m i t i n g f a c t o r s . 
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TABLE 2 - PUBLISHED RESULTS FOR METAL TOXICITY TO BiVRLEY IN NUTRIENT 
CULTURE SOLUTIONS 
C r i t i c a l Ranges of Concentration 
Reference S o l u t i o n Above whi ch Th.? re are Marked 
pH Decreases i n Y i e l d of Barley 
AL ppm. 
Ligon & P i e r r e (1932) 4,5 0.02 - 1,04 
MacLean & Chiasscn (1966) 
Barley (Herta 4.8 0,5 - 1,0 
V a r i e t i e s (Charlottetcwn 80 4oS 2,0 - 4,0 
MacLeod & Jackson (1967) 
Barley (Herta 4.3 0,7 - 1,5 
V a r i e t i e s (Charlottetown 80 4,3 2,2 - 2.6 
Reid, Fleming & Foy (1971) 4,8 <4, 0 
Conclusion 
I n f i e l d studies i t i s important to be aware t h a t there are many f a c t o r s 
a f f e c t i n g crop performance. I n t h i s p a r t i c u l a r case there i s undoubtedly a 
strong i n f l u e n c e exercised by the moisture regime, p a r t i c u l a r l y at c e r t a i n 
s u s c e p t i b l e growth stages of the p l a n t . There are also probably minor e f f e c t s 
from the degree o f stoniness, a e r a t i c T i v exposure to sun and wind and other n u t r i e n t 
imbalances. These v a r i a b l e s are d i f f e r e n t f o r the two s o i l s and would generally 
favour the l o w e r - l y i n g , deeper s o i l . 
However, f o r an improvement i n the crop i t i s the l i m i t i n g f a c t o r t h a t needs 
to be .corrected. Following a diagnosis on the basis of pH, Al and Mn (Hoyc and 
Nyborg 1972) i t was concluded t h a t aluminium t o x i c i t y (and also perhaps manganese) 
was responsible f o r the b a r l e y f a i l u r e . Liming was recommended to increase the 
pH and so convert the aluminium and manganese to forms not a v a i l a b l e to p l a n t s . 
Epilogue 
A rec e n t l e t t e r (30 June 1974) from the farmer s t a t e s : 
"This f i e l d was ploughed i n the lace autumn'1973 and 30 cwt, of lime was 
spread on i t i n the s p r i n g of t h i s year (1974), The barley crop up to 
date i s l o o k i n g much improved to l a s t season's. There are a fev? patches 
• i n the f i e l d where the b a r l e y i s s t i l l net q u i t e so good, but I t h i n k t h a t 
the crop would b e n e f i t frcm some r a i n as t h i s has been a very dry season". 
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••A:)LE j - COyJi'ARISOM OF i<ESi;LIS WITH THOSE OF HOYT i NYBORG (1972, p,16b) 
FOR 0.02 M CaCl^ EXTRACTABLE A l & NLn 
koyt and 
1 
Kyborg 1972 Horbaczewski 1974 
i 
pH Ai ppm. Mn ppm. ! Barley 
1 S tand 
pH Al ppm. Mn ppm. 
?oor 4.5' 21.3 26,0 1 Poor 4,9 6.45 3,85 
Poor 4.1 20,5 48.1 1 Poor 4,8 12.00 8,40 
:'D 0 r 4.8 10.7 5,1 
5,0 7,9 24,6 
Moderate 5.0 2.6 14.1 
1 
Gocd 5.2 . 1,2 . 4.4 Good 5,2 1.05 0.35 
Good .5.1 0.9 14.2 V, Good 5,3 0.25 0.10 
Good 5.5 0.6 1.4 j V, Good 6,0 <0.15 0.05 
^Estimated from f i g u r e s of r e l a t i v e percentage y i e l d 
Appendix:_ Experimental Methods 
Samples from the t o p - s o i l o f the f i v e p i t s were taken and sealed i n p l a s t i c 
b a g S : Subsequent chemical t e s t s have been conducted on these f r e s h samples as a i r -
drying has been found to a f f e c t the amount of e a s i l y e x t r a c t a b l e manganese' (and 
possibly aluminium) (Sherman and Harmer 1943, Hammes and Berger 1960, Savant and 
Kibc 1969). 
pH - was determined fv^ice on a s l u r r y of the f r e s h s o i l w i t h d i s t i l l e d water = 
Manganese - Active Form (Leeper 1947) 
A s o l u t i o n of a benzidine s a l t i s added to a small sample of the fr e s h s o i l i n 
a t e s t tube, which i s then examined under a binocular microscope. The 
abundance of blue specks i s a rough i n d i c a t i o n of che r e l a c i v e amounts of 
ac t i v e manganese present. 
N,B. 1, B c r i 2 i d i n e i s a carcinogenic. 
2, M o i i t m o r i l l o n i t e also gives a colour r e a c t i o n (^age 1941, Solomon et 
a l 1968) 
3) Manganese - T o t a l (Hesse 1971) 
The method given by Hesse was uied and the concentrations read on a spectroaecei 
at 545 my 
4) Plant-Available Manganese and Aluminium (Hcyt and Nyborg 1972) 
This method employs simultaneous e x t r a c t i o n of the metals ana the ccncentrationi 
can be determined by Atomic Absorption Spectroscopy. 
Appendix 
5) F i e l d Moisture Content 
Calculated as the percentage loss i n weight of f r e s h samples a f t e r a i r - d r y i n g • 
f o r 4 days. 
6) Inherent Moisture Content 
Pre v i o u s l y a i r - d r i e d sam.ples were oven-dried a t 105°C overnight and the 
subsequent percentage loss i n weight noted, 
N.B, The f i e l d moisture content i s a f u n c t i o n of the p r e v s i i i n g s o i l moisture 
c o n d i t i o n s a t the time of sampling. The inherent moisture content i s the 
capacity o f the s o i l t o r e t a i n moisture even a f t e r a i r - d r y i n g and i s dependent 
on the cl a y mineralogy and organic matter content, 
7) % Carbon (Walkley and Black 1934) 
Igm of s o i l was oxidised by an excess of o x i d i s i n g agents (20ml3 c, H^ SO^  and 
lOmls 0o2M K The s o l u t i o n was allowed to cool and. excess o x i d i s i n g 
agents t i t r a t e d against 0,5N EeSO^ using diphenylamine as an i n d i c a t o r . 
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Sand Textures of Top-Soils (0-22cms) 
All samples taken between 5-15 cms except where Indicated otherwise. 
Coarse sand = 2,000 jum - 600 pm 
Medium sand = 600 jum - 200 jjm 
Fine sand = 200 jjm - 60 jjm 
% Coarse % Medium % Fine 
P 2 (0-lOcms) 24-0 40-5 
P 2 (10-20cms) 33-5 33-0 
P 3 29-0 44-5 
P 12 22-0 43-0 
P 13 7-0 58-0 
P 14 22-0 45-0 
P24 35-5 36-5 
P25 18-0 45-0 
P26 29-5 40-0 
P28 34-0 39-0 
P29 8-5 61-0 
P30 25-0 47-5 
P31 28-0 39-0 
P32 24-0 41-5 
P33 29-0 41-5 
P34 22-5 45-0 
P37 25-5 45-0 
P38 36-5 41-0 
P39 35-0 36-0 
P40 33-0 36-0 
P41 32-5 37-0 
P42 40-0 36-5 
P43 47-5 29-5 
P44 42-0 32-0 
P45 25-5 44-0 
Appendix 4 
% Coarse % Medium % Fine 
P46 38-5 36-5 
P47 28-5 33-5 
P48 34-0 39-0 
P53 15-0 47-5 
P55 39-0 40-0 
P56 17-5 52-0 
P57 16-0 39-0 
P58 41-0 . 33-0 
P59 25-0- 43-0 
P60 14-0 55-0 
P61 15-0 48-0 
P62 46-0 29-0 
P63 13-0 58-0 
P64 31-5 43-0 
P66 35-0 39-0 
P67 39-0 34-0 
P68 41-0 31-0 
P69 22-0 45-0 
P70 26-0 40-0 
P71 5-5 57-0 
P72 44-0 35-0 
P73 6-0 57-0 
P74 27-0 40-0 
P76 41-0 34-0 
P77 (5-10cms) 29-0 37-0 
P77 (10-15 cms) 25-0 39-0 
P78 (5-lOcms) 32-0 38-0 
P78 (10-15 cms) 30-0 40-0 
P79 28-0 36-0 
P80 32-0 33-0 
P81 28-0 37-0 
P 82 30-0 40-0 
P 83 27-0 42-0 
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% Coars % Medium % Fine 
P 84 20-0 50-0 
P 85 21-0 48-0 
P 87 41-0 33-0 
P 88 46-0 31-0 
P 89 40-0 30-0 
P 90 38-0 35-0 
P91 23-0 44-0 
P92 7-0 . 55-0 
P93 46-0 32-0 
P94 17-0 31-0 
P 95 33-0 37-0 
P 96 30-0 38-0 
P97 21-0 49-0 
P98 42-0 34-0 
P99 41-0 35-0 
PlOO 45-0 31-0 
PlOl 28-0 41-0 
P102 33-0 38-0 
P103 38-0 38-0 
P104 18-0 39-0 
P105 (5-10cms) 





P106 37-0 34-0 
PllO 38-0 36-0 
P i l l 34-0 35-0 
PI 12 33-0 40-0 
PI 13 42-0 33-0 
P115 44-0 32-0 
P116 50-0 25-0 
P117 46-0 29-0 
PI 18 49-0 26-0 
P119 35-0 36-0 
P120 40-0 33-0 
Appendix 4 
% Coarse % Medium % Fine 
P121 40-0 34-0 
P122 43-0 29-0 
Beach Sand 2-5 29-5 
APPENDIX 5 
Li tho logica l Composition of Coarsest Sand Frac t ion 
(2 ,000>jm- 1,200 ; jm) 
A l l samples taken between 5-15 cms except where indicated otherwise. 
RS - Red Siltstone 
Q - Quartz 
C - Coal 
O - "Other l i thologies 
Weight Percentage weight of coarsest sand (2 ,000-1 ,200j jm) in 
Fine Ear th (<2,000>jm). 
Absolute - Absolute Content (Number of grains in the coarsest sand 
f r a c t i o n f r o m 100gms Fine Ear th - <2 ,000>jm) . 
Relative - Relative Content (Percentage of par t icu la r l i t l iology in 
coarsest sand f r a c t i o n - 2,000-1,200>jm only). 
Appendix 5 
Sample 




Q c 0 RS 
Relative 
Q c 0 
P 5 6-0 659 53 2 311 64 5 0 30 
P 6 7-6 917 70 15 379 66 5 1 28 
P57 1-0 12 88 - 144 5 36 - 59 
P58 6- 1 1838 66 50 684 70 3 2 25 
(25-30) 9-1 1375 25 - 158 88 2 - 10 
P59 2-5 549 30 16 55 84 5 2 9 
(15-20) 3-2 505 31 12 48 85 5 2 8 
P60 1-3 178 38 27 74 56 12 9 23 
(28-32) 1-7 336 55 - 52 76 12 - 12 
(35-40) 1-3 42 48 - 160 14 16 17 53 
P61 1-6 139 79 34 157 34 19 8 39 
(25-30) 2-9 233 95 - 245 41 16 - 43 
P62 (0- 5) . 11-4 2346 28 - 70 96 1 - 3 
(10-15) 9-2 2094 17 - 47 97 1 - 2 
P63 0-9 193 12 - 51 75 5 - 20 
P64 (10-15) 6-4 653 79 - 535 52 6 - 42 
(40-45) 5- 1 337 130 - 602 32 12 - 56 
P66 6- 1 845 34 50 187 76 3 4 17 
P67 7-1 1110 32 141 122 79 2 10 9 
P68 6-5 1073 24 35 278 76 2 2 20 
P69 2-1 392 19 54 73 73 4 10 13 
P70 2-5 406 52 81 130 61 8 12 19 
(40-45) 2-2 331 31 9 93 71 7 2 20 
P71 0-2 . 8 19 16 20 13 30 25 32 
P72 8-3 998 33 47 171 80 3 4 13 
P73 0-3 5 22 12 23 8 35 19 38 
P74 2-9 499 36 58 140 68 5 8 19 
P76 5-8 1015 30 31 228 78 2 2 18 
P77 (5-10) 5-7 868 35 99 338 65 3 7 25 
(10-15) 5-8 780 38 58 257 69 3 5 23 
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Sample 




Q c 0 RS 
Relative 
Q c 0 
P78 (5-10) 5-0 777 26 75 238 70 2 7 21 
(15-20) 5-2 683 25 60 175 72 3 6 19 
P79 (5-15) 3-5 596 65 45 152 70 8 5 17 
(25-30) 11-0 1481 155 5 252 78 8 1 13 
P80 4-4 887 60 42 125 80 5 4 11 
P81 2-6 464 32 30 133 70 5 5' 20 
(30-35) 11-4 1700 20 3 165 90 1 0 9 
P82 4-5 770 42 50 156 76 4 5 15 
P83 3-5 591 30 71 188 67 3 8 22 
(25-30) 9-5 1487 49 22 191 85 3 1 11 
P84 2-0 360 40 2 107 71 8 0 21 
(25-30) 10-6 1550 52 1 261 83 3 0 14 
(40-45) 9-7 1500 41 - 226 85 2 - 13 
P85 2 -1 367 52 11 122 67 9 2 22 
(25-30) 2-9 340 63 15 128 62 12 3 23 
P87 9-5 1185 100 138 249 71 6 8 15 
(18-23) 9-1 1280 79 92 218 77 5 5 13 
PS 8 9-8 1479 66 54 201 82 4 3 11 
P89 5-2 880 88 29 147 77 8 2 13 
P90 6-3 885 87 43 207 72 7 4 17 
P91 3-1 369 88 20 211 53 13 3 31 
(35-40) 3-8 436 96 11 228 56 12 1 31 
P92 0.04 1 4 1 9 5 29 5 61 
(35-40) 1-5 7 188 - 101 2 64 34 
P93 8-8 1171 45 36 269 77 3 2 18 
(35-40) 13-9 2000 42 8 311 85 2 0 13 
P94 1-8 230 51 3 117 57 13 1 29 
P95 5-5 953 28 29 182 80 2 2 16 
P96 5-5 619 128 21 311 57 12 2 29 
P97 1-8 179 65 16 121 47 17 4 32 
Appendix 5 
Sample 
(Depth in cms) 
Weight RS 
Absolute 
Q G 0 RS 
Relative 
Q G 0 
P 98 5-8 927 51 42 75 84 5 3 7 
P 99 7- 1 1015 82 40 115 81 7 3 9 
PlOO 7-3 1128 66 54 201 82 4 3 11 
P lOl 4-3 589 117 51 186 63 12 5 20 
P102 5-8 858 51 17 253 73 4 1 22 
P103 6-5 957 59 28 187 78 5 2 15' 
P104 2-0 322 47 50 96 63 9 10 18 
(42-47) 1-9 353 39 2 103 71 8 0 21 
P105 (5-10) 4-4 569 79 12 126 72 10 2 16 
(10-15) 4-3 613 79 16 148 72 9 2 17 
(40-45) 2-8 528 58 2 153 72 8 0 20 
P106 6-0 980 45 48 177 78 4 4 14 
*P107 4-2 229 31 15 (652 
-f^7) 
23 3 1 (66 
+7) 
*P108 2-5 344 46 50 912 25 3 4 68 
*P109 3-5 279 37 12 (520 
+43) 
31 4 1 (59 
+5 
P l lO 4-8 909 82 22 128 80 7 2 11 
P i l l (5-15) 6-2 894 130 20 288 67 10 2 21 
(30-35) 7-4 1200 38 1 507 64 3 0 33 
P I 12 4-9 949 68 15 98 84 6 1 9 
P I 13 4-2 763 51 52 162 76 5 3 16 
P I 14 5-4 1074 54 25 98 86 4 2 8 
P115 9-2 1420 103 21 113 86 6 1 7 
P116 10-1 1390 156 38 197 78 9 2 11 
P I 17 6-3 1079 116 54 168 76 8 4 12 
P118 9-7 1410 72 11 215 83 4 1 12 
"P119 9-1 1108 76 9 586 62 4 0 34 
P120 7-6 1125 39 42 180 81 3 3 13 
P121 8-0 1265 62 49 213 80 4 3 13 
P122 6-4 1179 95 56 295 73 6 3 18 
P123 5-6 1040 96 26 142 
1 
80 7 2 11 
*''Other l i tho log ies" includes grey siltstone/sandstone bedrock l i thology. 
includes highly micaceous var ie ty of red siltstone. 'Other l i tho log ies" 
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Siiniiiiary 
The e f f e c t o f gi^anule s ize on. gr;mul,'ri" disa-ggregrit ioii o f p a r t i c u l a t e 
m a t e r i a l i s c a l c u l a t e d u s i n g a ve ry simple ir!a.(;iiematical model. This fo rm 
o f v/eat l ier ing, i s cons idered as remoA'al o f successive l a y e r s o f granules 
f r o m aggregate sui-faces. Exper imenta l r e s u l t s Jure i n t e r p r e t e d u s i n g t h i s 
" l a y e r concept" . 
D e f i n i t i o n s 
Granule - D i s c r e t e g r a i n s , i n e r t t o v/eathering agents , f o r m i n g b u l k 
o f m a t e r i a l . 
Cement , - Substance^ b i n d i n g granules t o g e t h e r , wlrLcb i s removed i n 
suspension o r s o l u t i o n on weather ing r e l e a s i n g u n a f f e c t e d 
g ranu le s . 
Aggregate ~ M a t e r i a l composed o f granules bound by cement. 
Granular D i sagg rega t ion - Removal o f m a t e r i a l , , bo th granules and cements 
f r o m the su r face o f an aggregate by uhe v/eathering agent. Does 
n o t i n c l u d e d i s i n t e g r a t i o n o f aggregate by s p l i t t i n g - o r s p a l l i n g . 
Model_ 
A s i m p l i f i e d equa t ion a l l ows the c a l c u l a t i o n o f the weight lotes i n c u r r e d 
by removal o f one l a y e r o f granules f o r d i f f e r e n t aggregate and gr'anule s izes . 
Resul t s are t a b u l a t e d as percentage weigh t losseS; i n Table 1. 
C a l c u l a t i o n s 
Several assumptions need t o be m.ade a t the o u t s e t . 
1. A l l g ranu les i n a p a r t i c u l a r aggregate are equidimensional spheres 
o f cons tan t d e n s i t y . Aggregates themselves are s p h e r i c a l . 
2 . A l l g ranu les are i n con tac t v / i t h ne ighbours . 
3. Cement has the same d e n s i t y as the granules and f i l l s a l l 
t h e v o i d s betv/een them. 
An a d d i t i o n a l i m p o r t a n t assumption concerns the arrangement o f the g ranu les . 
For g ranu les i n con tac t s e v e r a l c lasses o f c lose -pack ing are p o s s i b l e . To 
a v o i d t i l l s problem and y e t s t i l l o b t a i n comparable r e s u l t s a hjT)Ot.het ical 
s i t u a t i o n i s c r e a t e d . Granules ar'e imagined to be i n a s t r a i g h t l i n e along 
the diameter o f the aggregate . The mathemat ical v a l i d i t y o f t h i s method f o r 
comparat ive purposes i s t h a t i t expresses a l i m i t i n g case i e . the minimum 
number o f l a y e r s , p o s s i b l e p r o v i d e d p.re\dous assumptions are r e t a i n e d . 




CroBo-acctloa of >n AEsreaatd with Eho=bchedx*lly 
Paekfld Gr«iml»a. 
D > Diaaot^r of Ags re j i t . 
d B I>l»»ot«r of Gr»iiul» 
I l g . l . - e x p l a i n s the r e l a t i o n s h i p s between l a y e r s , granules and aggregates. 
From t h i s i t can be seen t h a t the number o f l a y e r s can be de f ined as-
n = 
n = number o f l a y e r s 
D = diameter o f aggregate 
d =d iamete r o f granule 
The w e i g h t o f a s p e r i c a l aggregate i s g iven by 
2d 
Weight — T P - p = d e n s i t y 
The removal o f the outermost l a y e r o f graJiules and cement cause a weight 
r e d u c t i o n o f the aggregate t h a t can be expressed as 
4 / D 
% we igh t l o s s = p - T T l -
3 2/ 
D \ 3 






Values f o r the removal o f one l a y e r o f granules f o r d i f f e r e n t granule and 
aggregate s izes are t a b u l a t e d (Table l ) , 
It should be noted t h a t the d e n s i t y term has been e l i m i n a t e d a l l o w i n g d i r e c t 
comparison w i t h exper imenta l r e s u l t s » 
E.xperiment3 liave been designed t o approximate the c o n d i t i o n s o f the t h e o r e t i c a l 
model^ a l l o w i n g an e v a l u a t i o n o f i t s v a l i d i t y . Glass beads (generously provided 
by the B a l l o t i n i Manufac tu r ing Company) and standiur-d b u i l d i n g cement have been 
used. Cemented samples were t r e a t e d w i t h d i l u t e H y d r o c l i l o r i c a c i d as an 
exper imen ta l wea ther ing agent . Results^ expressed as percentage weight losses 
are presented i n Table 2 . 
Microscope i n s p e c t i o n conf i rmed t h a t the beads^ v / i t h few exceptions^ v/ere smooth 
spheres, ConsideraW.e v a r i a t i o n s i n s i z e , hov/ever;, necess i ta ted repeated 
s i e v i n g . The c l ean beads f r o m I n d i A d d u a l s ieve f r a c t i o n s were mixed w i t h a 
f i x e d w e i g h t r a t i o o f cement and an excess o f wa te r . A f t e r thorough mix ing 
the sample was a l lowed t o s e t t l e and excess water removed. The samples were 
then al lov/ed t o set f o r a week under normal room c o n d i t i o n s . The cemented 
b locks were c a r e f u l l y broken up i n . a mortar and se ived . T l i i s o p e r a t i o n separ-
a ted the aggregates between the a r b i t r a i ' y s i e v e - l i m i . t s as w e l l as rounding 
• the f ragments^ - and so appi-oximating one o f the assumptions o f the t h e o r e t i c a l 
model . 
Aggregated f r o m p a r t i c u l a r s i e v f r a c t i o n s were counted and wighed. Counting 
enabled an assessment o f v / i t l i i n = s i e v e s ize v a r i a t i o n bet\i?een samples f o r the 
same aggregate s i z e s . These samples, v/ere subsequently t r e a t e d w i t h a standard 
amount o f d i l u t e (25^) H y d r o c h l o r i c a c i d f o r a f i x e d t i m e . Products were 
c a r e f u l l y washed, a i r - d r i e d and again sieved and counted. 
Resu l t s showing percentage we igh t losses are presented i n Table 2. 
Table 3 r e v e a l s the same r e s u l t s c a l c u l a t e d as the number o f "model" l a y e r s 
removed. I t i s emphasised t h a t these f i g u r e s do no t r e f e r t o the poss ib l e 
number o f l a y e r s a c t u a l l y removed. They are an express ion o f the percentage 
we igh t l o s s i n terms o f the e q u i v a l e n t number o f model layers . . 
A t t h e end o f the experiment aggregates o f d i f f e r e n t bead sizes were set i n 
p l a s t i c and s e c t i o n e d . I t was found t h a t beads were most ly i n con tac t w i t h 
-23-
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t h e i r neighbours and the re were few cement c l o t s o f a i r pores to d i s t u r b the 
p a c k i n g . 
I n t e.rp r e t a t i o n 
I n a t t e m p t i n g t o r e - c r e a t e a t h e o r e t i c a l model expe r imen ta l ly numerous concess-
ions need t o be made. 
I t i s no t p o s s i b l e t o o b t a i n equ.idimensional beads and aggregates on these 
exper iments . In s t ead s i e v e - l i m i t s are se t . For t h i s reason Table 3 shows 
the range o f " l a y e r s " removed. The other c o n d i t i o n s Cc'tn on ly be approximated. 
Nevertheless5 the mechanisr:; o f m a t e r i a l removal f rom aggregate surfaces has 
been ach ieved . Graphs^, d e p i c t i n g the aggregate s ize d i s t r i b u t i o n a f t e r t r e a t -
ment are b imodal - reduced aggregates and s i ng l e beads. A f u r t h e r check i s 
p r o v i d e d by count ing^ w M c h shows o n l y ve ry s l i g h t increases o f aggregate 
numbers a f t e r t reatment^ i n d i c a t i n g r a r e s p l i t t i n g , 
li/here p o s s i b l e d u p l i c a t e sajiiples have been used , and these g ive a rough idea o f 
i n h e r e n t exper imen ta l v a r i a t i o n s . 
Conclusions 
A l t h o u g h i t has been p o s s i b l e t o t e s t o n l y a smal l p a r t o f the t h e o r e t i c a l 
model a few t rends can be recognized , • . 
The percentage v/eight l o s s f o r a p a r t i c u l a r aggregate size appears to be con-
s t an t r ega rd l e s s o f bead s i z e . (Table 2) Tl i is i s i n sp i t e o f t h e ' f a c t t h a t 
the numbers o f " l a y e r s " removed increases f rom 0.5 f o r the l a r g e s t beads to 
about 3 f o r the f i n e s t beads. 
As expected^ the percentage weigh t lo s s increases as the size o f the aggregate 
decreases. This r e f l e c t s the g rea te s t surface area per u n i t we igh t , exposed 
t o the v/eathering agent . However there i s no s i g n i f i c a n t increase i n the 
number of" la ) ' - e r s" removed, (Table 3) < This evidence supports the model as the 
wea ther ing r a t e^ per se^ does not a l t e r s imply because aggregates are smal le r . 
I t s e f f e c t s are g r ea t e r because the r e a c t i o n sur face i s g r e a t e r . 
F i n a l l y , Table 4 shows the percentage weigh t losses o f cement removed i n s o l u t i o n . 
Resu l t s are rem.arkably s i m i l a r f o r the same aggregate s izes i r r e s p e c t i v e o f 
bead d imensions , 
c 
I t appears, t h e r e f o r e t h a t the cement, r a t h e r than the s ize o f the beads, i s 
the c r i t i c a l f a c t o r a f f e c t i n g weather ing i n t h i s p a r t i c u l a r ca.se. 
I m p l i c a t i o n s 
'The l a y e r concept i s v e r y u s e f u l i n the unders ta j id ing o f weather ing by granular 
d i s a g g r e g a t i o n f o r a r t i f i c i a l systems. A l o g i c a l ex tens ion i s to the more 
complex case o f n a t u r a l sedimentary rock weather ing and associated s o i l forma-
t i o n . Th i s model w i l l need to be m o d i f i e d acco rd ing ly and f u r t h e r ex-periments 
- 2 4 -
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w i t h t h i s aim are now i n p rogress , 
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( i ) 22,17 ( i i ) 30,72 35.27 26.58 < 
t: h-
30,36 ( i ) 27.97 ( i i ) 24.88 ( i ) 29.98 ( i i ) 32.51 
( i ) 31.62 
( i i ) 38.10 50,81 38,82 w 
Hi 
40.83 ( i ) 41.78 ( i i ) 40.79 
( i ) 42.60 
( i i ) 
( i ) 51,18 ( i i ) 63.33 68,91 57.68 63.20 ( i ) 57.05 ( i i ) 64.53 ( i ) 57.54 ( i i ) 62,05 
420 300 250 210 150 105 
Bead Diameter (Microns). 
75 62 
Table 3 - Experimental Results Calculated as Numbers of Layers Removed 
e; w 
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1.71-2.41 ( i ) 2.22-2.90 ( i i ) 1.98-2.58 ( i ) 3.11-4.05 ( i i ) 3.38-4.39 












1.59-2.19 ( i ) 2.24-3.11 ( i i ) 2.19-3.04 ( i ) 3.17-3.51 ( i i ) 2.94-3.53 












1,68-2,30 ( i ) 2.07-2.83 ( i i ) 2.34-3.20 ( i ) 2.85-5.30 ( i i ) 3.07-3.56 
420 300 250 210 150 
Bead Diameters (Microns). 
105 75 62 








( i ) 
( i i ) 
6.61 
7.90 9.04 7.74 7.07 ( i ) ( i i ) 
6.69 
4.42 
( i ) 
( i i ) 
6.40 
7.09 
( i ) 
( i i ) 




11.41 ( i ) ( i i ) 
10.26 
10,15 
( i ) 
( i i ) 
11,61 
10,41 
( i ) 
( i i ) 
15.61 
17,28 17.72 16,26 
> < 
0 z 
17.09 ( i ) ( i i ) 
17.54 
17.11 
( i ) 
( i i ) 
16,45 
17.22 
420 300 250 210 150 105 75 62 
Bead Diameter (>tLcrons), 1 millimetre = '^-tiO . N ^ N ^ V T N ! > 
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P H I - M I L L I M E T E R C O N V E R S I O N T A B L E ^ 
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AliSTR.ACT 
co.ivors.on. ^ '"''"'^ '^ ^> '-^  '^ '-^ ^ lechou.s ro „sc lh;,„ pr.^•io„.s nichods of 
iNTR01)UC'nO.S-
Th.c pl i i symbol, as orii j iually 
adopted l.)y Kruinbcin (1934; 19361)). i-s 
used to denote a grade scale in which 
all divisicins arc equal in range. This 
adapts the grade scale lor' plot t ing the 
data of mechanical analyses on arithmet-
ic graph pa]")er, th.ereby producing in-
creased s\'mmetry of the freciuencx' curve 
and making i.iossible direct ari thniclic 
interpolation between pi i i grain dia-
meters on the cui'N'e. To calculate many 
of the measures used in mechanical 
anah'scs, such as median diameter, 
(luartiles, percentiles, and cocflicicnts of 
sorting, skewncss, and kurtosis, the phi 
units must be converted to millimeter 
si^es for use in the formulas involved or 
for easier comprehension of values. 'I'he 
slide rule or iogarivhms facilitate the 
algebraic computations in phi-millimeter 
conversions, but both processes arc more 
or less tedious. Conversion charts now iii 
use include those of Krunibein (1936;i), 
Truesdell and Varnes (1950), and inman 
(1952). Although these charts are sufli-
cicntly accurate for many uses, the\-
require eye-straining observation and 
interpolations which result in only aiv 
proximate values for intermediate grain-
sizes. 
The following table has proved very 
useful in conversions invoK'cd in mechan-
ical analyses of sediments made as part 
oi ground-water studies by the Navajo 
I'roject, U . .S. Geological Sur\cy. The 
table was compuicd with the use of 
5c\-cn-place logarithms (Hui ton , 1S30); 
iicncc i t |.)crmit5 more accurate, faster, 
and easier conversions than most charts 
now a\ailable. f'"ew groups of workers 
may rc(|uirc the conijilcte table to co\'er 
the si/.c-rangcs their work involves, but 
the 'limiis of the tabje were designed to 
encompass the major grain-sizes com-
monl\- cmpkncd by workers in \'arious 
fields of anahsis. Likewise, the figures 
are computed to three to five decimals . 
to satisfy the requirements of those who 
desire that degree of accuracy. 
Grain diameters smaller than one mil l i -
meter are represented hy a positive phi 
value and are shown in the second 
column of the table; diameters larger 
than one millimeter arc represented by a 
negati\c phi value and are shown in the 
third colu.mn. 
U '/^^''V-'''.'°'V},"thorized by The Dirccic U. S. Geological Survey. 
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)'hi-Mi!linicrer C<):iv(.T.-;ioii Table 
0 (+v ' 0 (-^0 ( + . ; . ) ( - - • > ) {+4>) ( - < / ' ) 
n i n i . l U l U , nun. *7* nun. nun. 
0.00 1.0000 1.0000 0.50 0.7071. I .41-12 1 .00 0.5000 2.0000 
01 O .9'A-;I 0070 51 7022 4241 01 4965 0139 
02 9S62 0140 52 6974 43-10 02 4931 0279 
03 9794 0210 53 6926 44.59 03 4897 • 0420 
04 9718 0285 54 6877 4540 04 4863 0562 
05 9659 0355 55 6S30 4641 05 4841 0705 
06 9593 0425 56 6783 4743 06 4796 08-19 
07 9526 0498 57 6736 48-15 07 4763 0994 
OS 9461 0570 58 6690 4948 08 4730 1140 
09 9395 0644 59 6643 5052 09 4697 1287 
0.10 9330 0718 0.60 6598 5157 1.10 4665 1435 
11 9266 0792 61 6552 5.^ 63 11 4633 1585 
12 9202 0867 62 6507 5369 12 460i 1735 
13 9138 0943 63 6462 54 76 13 4569 1886 
14 9075 1019 64 6417 5583 14 4538 2038 
15 9013 • 1096 65 6373 5692 15 4506 2191 
16 8950 1173 66 6329 5801 16 4475 • 2346 
17 8890 1251 67 6285 5911 17 4444 2501 
18 SS27 1329 68 6242 6021 18 4414 2658 
19 8766 1408 69 6199 6133 19 4383 2S15 
0.20 8705 1487 0.70 6156 6245 1.20 4353 2974 
21 8645 1567 71 6113 6358 21 4323 31.34 
22 8586 1647 72 6071 6472 22 • 4293 3295 
23 8526 1728 73 6029 • 6586 • 23 4263 ,3457 
24 84.68 1810 74 5987 6702 24 4234 3620 
• 25 8409 1892 75 5946 6818 25 4204 3784 
26 8351 1975 n f. 1 v> 5905 6935 •26- 4175 3950 
27 8293 2058 77 5864 . 7053 27 4147 4116 
28 8236 2142 78 5S24 7171 28 4118 4284 
29 8179 2226 79 5783 7291 29 4090 4453 
0.:50 8123 2311 O.SO 5743 7411 1.30' 4061 4623 
31" 8066 2397 81 5704 7532 31 4033 4794 
32 8011 2483 82 5664 7654 32 4005 4967 
33 7955 2570 83 5625 7777 33 3978 5140 
34 7900 2658 84 5586 7901 34 3950 5315 
35 7846 2746 85 5548 8025 35 3923 5491 
36 7792 2834 86 5510 8150 36 3896 5669 
37 773S 2924 87 5471 8276 37 3869 5847 
38 • 7684 3014 88 5434 8404 38 3842 • 6027 
39 7631 3104 89 5396 8532 39 3816 6208 
0.40 7579 3195 0.90 5359 8661 1.40 3789 6390 
41 7526 3287 91 5322 8790 41 3763 6574 
42 7474 . 3379 92 5285 8921 42 3729 6759 
43" 7423 3472 9.5 5249 9053 43 3711 6945 
44 7371 3566 94 5212 9185 44 3686 7132 
45 7321 3660 95 5176 9319 45 3660 7321 
46 7270 3755 96 5141 9453 46 3635 ' 7511 
47 7220 3851 97 5105 9588 47 3610 7702 
48 7170 3948 98 5070 9725 48 3585 7895 • 
49 7120 •40'44 99 5035 9862 49 3560 S089 
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75 2973 3636 25 
76 2952 3870 26 
77 2932 4105 27 
78 2912 4343 28 
79 2892 4581 29 
1.80 2872 4822 2.30 
81 2852 • 5064 31 
82 2832 5308 32 
83 2813 55.54 33 
84 2793 5801 34 
85 2774 6050 35 
86 2755 6301 36 
87 2736 6553 37 
88 • 2717 6808 38 
89 2698 7064 39 
1.90 2679 7321 2.40 
91 2661 7581 41 
92 2643 7842 42 
93 2624 8106 43 
94 2606 8371 44 
95 2588 8637 45 
96 2570 8906 46 
97 2553 9177 47 
98 2535 9449 48 


























- . - r ^ 
(+'/0 (-</.) '/' (+'/') (-•,'') nun. nun. mill. IIIIII. 
0.2500 4.0000 2.50 0.1768 5.6.S69 
.2483 0278 51 1756 6962 
2466 0558 52 1743 7.i58 
2449 0840 53 1731 , 7757 
2432 1125 54 1719 8159 
2415 M i l 55 1708 8563 
2398 1699 56 1696 8971 
2382 1989 57 16S4 9381 
2365 2281 58 1672 9794 
2349 2575 59 1661 6.0210 
2333 2871 2.60 1649 0629 
2316 3169 61 1638 1050 
2300 3469 62 1627 1475 
2235 3772 63 1615 1903 
2269 4076 64 1004 2333 
2253 4383 65 1593 2767 
2238 4691 66 1582 3203 
2222 5002 67 1571 3643 " 
2207 5315 68 1560 4086 
2192 5631 69 • 1550 4532 
2176 5948 2.70 1539 4980 
2161 6268 71 1528 5432 
2146 • 6589 72 1518 5887 
2132 6913 73 . 1507 6346 
2117 7240 • 74 1497 6807 
2102 7568 75 1487 7272-
2088 7899 76 1476 7740 
2073 8232 77 1466 8211 
2059 8568 78 1456 8685 
2045 8906 79 1446 9163 
2031 9246 2.80 1436 9644 
2017 9588 81 1426 7.0128 
2003 9933 82 1416 0616 
1989 5.0281 83 1406 1107 
1975 0631 84 1397 1602 
1961 0983 85 1387 2100 
1948 1337 86 1377 2602 
1934 1694 87 1368 3107 
1921 2054 88 1358 3615 
1908 • 2416 89 1350 4110 
1895 2780 2.90 1340 4643 
1882 3147 91 1330 5162 
1869 3517 92 1321 5685 
1856 3889 93 1312 6211 
1843 4264 94 1303 6741 
1830 4642 95 1294 7275 
1817 5022 96 1285 7812 
1805 5404 97 1276 8354 
1792 5790 98 1267 8899 
1780 6178 99 1259 9447 
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0 (+<!'). (-<,'') (-!•','') 
nun. nun. nun. iniu. 
'3.00 fi. 1250 8.00(10 3.50 0.1)8S-1 11 .314 
01 1241 0556 51 0S7S 392 
02 1 233 1117 52 0872 472 
05 1224 1681 5.1 0866 551 
04 1216 2249 .S-1 0860 632 
05 1207 282 1 55 085-1 713 
06 1199 3,S97 56 084 8 794 
07 1191 3977 57 0812 876 
•OS 1183 4561 58 0836 959 
09 . 1174 5150 59 0830 12.042 
3.10 1166 • 5742 3.60 0S25 126 
11 1158 633S 61 0819 210 
12 1150 6939 62 0813 295 
13 11-12 7544 63 0808 381 
1.4 1134 8152 64 0802 467 
15 1127 • 8766 65 0797 553 
16 1119 9383 66 0791 • 641 
17 n i l 9.0005 67 07S6 729 
18 1103 0631 68 0780 817 
19 1096 1261 69 0775 906 
3.20 1088 1896 3.70 0769 996 
21 1081 2535 71 0764 13.086 
22 1073 3179 7-2 0759 178 
23 1066 3827 73 07,54 269 

























































































































































n u n . I I U ] 1 . 
4 .00 0.0625 I6.00f; 
01 0621 111 
02 0616 223 
0.1 0612 336 
04 0608 4,iO 
05 0604 564 
06 0600 679 
07 0595 795 
08 0591 912 
09 0587 17.0.iO 
4.10 0583 148 
11 0579 268 
12 0575 388 
13 0571 509 
14 0567 630 
15 0563 753 
16 0559 .• 877 
17 0556 18.001 
18 0552 126 
19 0548 252 
4.20 0544 379 
21 0540 .507 
22 0537 635 
23 0533 765 
24 0529 . 896 
25 0526 19.027 
26 0522 160 
27 0518 293 
28 0515 427 
29 0511 562 
4.30 ' 0508 698 
31 0504 835 
32 0501 973 
33 0497 20.112 
34 0494 252 
35 0490 393 
36 0487 535 
37 0484 678 
38 04 SO 821 
39 0477 966 
4.40 0474 21.112 
41 0470 259 
42 0467 407 
43 0464 556 
44 0461 706 
45 0458 857 
46 0454 22.009 
47 0151 162 
48 0448 316 
49 0445 471 
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4' (-1-,/,) (-</.) 
nun. luni. 
.5.00 0.03 l.i 32.000 
01 1)310 223 
02 0308 447 
03 0,i06 672 
04 (),>().l 9(;0 
05 0302 33.128 
06 (1300 359 
07 0298 .591 
08 0296 825 
09 0294 34.060 
5.10 0292 297 
11 0290 5.i5 
12 02S8 776 
13 0286 35.0i7 
14 0284 2t-. \ 
15 0282 506 
16 0280 753 
17 0278 36.002 
18 0276 252 
19 0274 504 
5.20 0272 758 
21 0270 37.014 
22 . 0268 271 
2,i 0266 531 
24 0265 792 
25 0263 38.055 
26 0261 319 
27 0259 586 
28 0257 8,54 
29 0256 39.124 
5.,SO 0254 397 
31 0252 671 
32 0250 947 
33 0249 40.224 
34 0247 504 
35 0245 786 
36 0243 41.070 
37 0242 355 
38 0240 643 
39 0238 933 
5.40 0237 42.224 
41 0235 518 
42 0234 814 
43 0232 43.111 
44 0230 • 411 
45 0229 713 
46 0227 44.017 
47 0226 426 
48 0224 632 





























































































































































JfARR) • G. PAG/': 
</> 
.(-<,'.) 1 1 {-!•./>.) (-.;.) ( + ./•) (+'/.) 
111111. nun. 
\ '" 
M i n i . nun. j n n i . </' nun. 
ft.OO O.OLSfi 64.000 j 6..5i) 0.0!10 <)0.5I0 7 .00 0.0078 1 7.50 0.0055 
01 0155 445 51 01 10 91 .139 01 0078 51 0055 
02 01,5.1- S9,< 52 010') 77.i 02 0077 52 0055 
0,1 0153 65.345 5.? OlO.S 92.4 1 1 03 0077 5.) 0054 
04 0152 799 54 0107 93.054 04 0076 54 OO.vl 
05 0151 66.257 55 0107 701 05 0076 55 0053 
06 01,SO 71S 56 0106 94.353 06 0075 56 0053 
07 0149 67.182 57 0105 95.010 07 0074 57 0053 
OS 0148 049 58 0105 670 08 0074 58 0052 
09 0147 68.120 59 0104 96.336 . 09 0073 59 0052 
6.)0 0145 594 6.60 0103 97.006 7.10 0073- 7.60 0052 
11 0145 69.071 61 0102 681 11 0072 61 0051 
12 0144 551 62 0102 98.,V)0 12 0072 62 0051 
13 0143 70.035 63 0101 99.044 13 0071 63 0051 
. 14 0142 522 64 0100 733 . 14 0071 64 0050 
15 0141 • 71.012 65 0100 100.427 15 0070 65 0050 
16 0140 506 66 0099 16 0070 00 • 0049 
17 0139 72.004 67 0098 17 0069 07 0049 
18 0138 505 6S 0098 18 0069 08 0049 
19 0137 73.009 69 0097 19 0069 69 0048 
6.20 0136 517 6.70 0096 7.20 0068 7.70 0048 
21 0135 74.028 71 0096 2! 0068 71 0048 
22 0134 543 72 0095 22 0067 72 0047 
23 0133 75.061 73 0094 23 0067 73 0047 
.24 0132 584 74 0094 24 0006 . 74 0047 
25 0131 76.109 75 0093 25 0066 75 • 0047 
26 . 0130 639 76 0092 26 0065 76 0046 
27 0130 77.172 77 0092 27 0065 77 -0040 
28 0129 708 78 0091 28 0064 78 0040 
29 0128 78.249 79 0090 29 0064 79 0045 
6..^0 0127 793 6.80 0090 7.30 0004 7.80 0045 
31 0126 79.341 81 0089 31 0003 81 0045 
32 0125 893 82 0089 32 0003 82 0044 
33 0124 80.449 83 OOSS 33 0002 83 0044 
34 0123 81.008 84 0087 34 0062 84 00-14 
35 0123 572 85 0087 35 0061 85 0043 
36 • 0122 82.139 86 0086 36 0061 86 0043 
37 0121 711 87 0086 37 0061 87 0043 
38 0120 83.286 88 0085 38 ' 0000 88 0043 
39 0119 865 89 0084 39 0000 89 0042 
6.40 0118 84.449 6.90 0084 7.40 0059 7.90 0042 
41 0118 85.036 91 0083 4 r , 0059 91 0042 
42 • 0117 627 92 0083 42 0058 92 0041 
43 0116 86.223 93 00S2 43 0058 93 0041 
44 0115 823 94 0081 44 0058 94 0041 
45 0114 87.427 95 0081 45 0057 95 0040 
46 0114 88.035 96 0080 46 0057 90 0040 
47 0113 647 97 0080 • 47 0056 97 0040 
48 0112 89.264 98 0079 48 0056 98 0040 
49 0111 884 99 0079 49 0056 99 0039 
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APPENDIX 8 
Location and Field Classification of Soil Inspection Sites 
Location 
National Grid co-ordinates for 100km square - SM 
"Topo-drainage" Classification 
I - Moisture shedding sites 
I I - Moisture transmitting sites 
I I I - Moisture receiving sites 
IV - Sea-water affected sites 
"Parent Material" Classification 
r - Red siltstone ( r / s - sandstone variant; th - thickened variant) 
g - Grey siltstone/sandstone 
sk - Skomer Volcanic Series 
b - Black shales 
u - Unsorted glacial material 
w - Water-sorted glacial material 
a - Alluvium 
p - Peat 
t - Talbenny Dole rite 
h - Head 
Uncertainty in classification is denoted by an interrogation mark. 
Appendix 8 
Sample Location "Parent Material" "Topo-drainage" 
p 1 8210 1225 t I 
P 2 7930 1028 r I 
P 3 7988 1020 ?\v or r / t h I I 
P 4 7865 0889 b I I 
P 5 . 8071 0963 w I I 
P 6 8073 0971 w or r I I 
P 7 8070 0944 or g I I I 
P 8 8107 0952 g or w I I 
P 9 8188 0913 g I 
PIG 8422 0892 u I 
P l l 8412 0873 r I 
P12 8411 0877 w or u I I 
P13 8397 0870 a m 
P14 8116 0844 a m 
P15 7825 0765 w III 
P16 7670 0825 u I I I 
P17 7674 0818 u II I 
PIS 7671 0819 u I I I 
PI9 7670 0816 u III 
P20 7754 0906 sk I 
P21 7761 0903 sk • I 
P22 7910 0872 b I I 
P23 7910 0872 b I I 
P24 7910 0872 r I I 
P25 8027 0527 u I 
P26 8039 0531 r I I 
P27 8374 1250 t I 
P28 8053 1099 r I I 
P29 8052 1109 w I I I 
P30 8091 1169 ?u I 
P31 8179 1082 r / s I 
P32 8352 1180 u I 
Appendix 8 
Sample Location "Parent Material 
P33 8319 1173 r / s 
P34 8335 1132 u 
P35 8345 1222 t 
P36 8294 0922 g 
P37 8382 0956 u 
P38 8435 1060 u 
P39 8369 1049 r 
P40 8255 1024 r 
P41 8010 0884 r 
P42 8170 0864 r 
P43 8495 0702 r / t h 
P44 8524 0819 r 
P45 8331 0874 r / t h 
P46 8259 0837 r 
P47 8090 0806 w 
P48 8424 0811 r 
P49 8413 0729 r 
P50 8363 0778 u 
P51 7964 0751 g 
P52 8069 0720 sk 
P53 8079 0439 u 
P54 8085 0391 u 
P55 8162 0488 r 
P56 8052 0669 w 
P57 8069 0442 u 
P58 8160 0444 r 
P59 8135 0450 r 
P60 8132 0449 u 
P61 8115 0445 u 
P62 8047 0318 r 
P63 8028 0323 r / s 
P64 8014 0379 u 
*P65 7902 0628 ? 
' 'Topo-drainage'' 
Appendix 8 
Sample Location "Parent Material 
P66 8093 0533 r 
P67 8091 0545 r 
P68 8089 0555 r 
P69 8080 0541 r 
P70 8077 0522 r / t l i 
P71 8072 0629 ?w 
P72 8097 0523 r 
P73 8070 0535 ?w 
P74 8088 0540 r 
P75 8131 0524 r 
P76 8115 0539 r 
P77 7917 1029 r 
P78 7927 1052 r / s 
P79 7933 1030 r / s 
P80 7938 1030 r 
P81 7947 1032 r / t h 
P82 7957 1035 r / t h 
P83 7965 1036 r / t h 
P84 7981 1038 r / t h 
PBS 7991 1039 w or r / t h 
P86 8031 1120 r / s 
P87 8541 0940 r 
P88 8562 0915 r 
P89 8493 0970 r / t h 
P90 8466 0968 r / s 
P91 8414 0920 g/th 
P92 8417 0913 u 
P93 8408 0946 r or r / s 
P94 8024 1108 w 
P95 7933 1092 r 
P96 8355 0987 u 
P97 8422 1003 u 




Sample Location "Parent Mater 
P 99 8475 0999 r 
PlOO 8480 1042 u or r / s 
PlOl 8121 1031 ?u 
P102 8096 1026 ?u 
P103 8105 1016 r 
P104 8142 1037 ?u 
P105 8174 1051 ?u 
P106 8133 0990 r 
P107 8135 0966 g 
P108 8148 0963 g 
P109 8160 0970 g 
PI 10 8157 0997 r 
P i l l 8472 0871 r / t h 
P112 8460 0821 r 
PI 13 8462 0794 r / s 
PI 14 8473 0808 r 
PI 15 8512 0846 r 
P116 8530 0840 r 
PI 17 8522 0794 r 
P118 8529 0706 r 
P119 8529 0680 r 
P120 7987 0893 r 
P121 7989 0901 r 
P122 8006 0895 r 
P123 8013 0894 r 
"Topo-drainage" 
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SELECTED SOIL PROFILE DESCRIPTIONS 
APPENDIX 10 
Soil Inspection Sites See also:-
P 2 P23 P 81 Plate 4 - P 62 
P 5 P24 P 82 Plate 5 - P112 
P 8 P25 P 83 Plate 6 - P 86 
P 9 P26 P lOl Plate 7 - P 4 
PIO P27 P 102 Plate 8 - P 15 
P l l P36 P103 Plate 9 - P 7 
P12 P37 P104 Plate 10 - P 14 
P13 P39 P105 Plate 11 - P 16 
P21 P41 P122 
P22 P53 
Sampling Periods 
P 1 - P 27 
P28 - P 56 
P57 - P123 
December 1972/January 1973 
March/Apri l 1973 
August/September 1973 
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Red Silts tone 
61m + 2 m (200' i -5 ' ) 
5 ° , soudi 
Grass and clover + cereal stub.ble 
0-11 cms 







Reddish brown (5YR 3/4) sandy clay, small 
hard peds, mod, moist, no mottles, mod. 
roots, rare fauna, mod. stones - small, up 
to 1cm (pH 6-3). 
Boundary merging and regular. 
Reddish brown (2-5YR 3/4) sandy clay, very 
small crumbs, compacted, mod. moist, no 
roots, no fauna, larger fragments red sil t-
stone up to 2-3 cms (pH 6' 3). 
Boundary sharp and regular. 
Fragments of red siltstone "in situ" with 
finer intersticial matrix. 
Horizon 
Texture Analysis Sand Fractions 
MC L O I 
Sand Silt Qay FGr CoS MedS Fine S 
^ 1 41-2 29-4 29-4 16-0 8-6 
12-8 16-4 2-6 5-3 
^2 36-8 
29-0 34-2 47-6 7-9 7-9 7-9 2-8 4-6 











1 8 m ^ 2 m (60' + 5') 
5-10", south-west 
Ploughed (pasture) 
0-17 cms Ap 
17-21 cms A„ 
21-28/36cms Bg 
28/36-70 cms C 
(Inverted top-soil - grass-mat at 17 cms 
forming sharp boundary). Reddish brown 
(7-5YR 4/4) clay sand, loose, small crumbs, 
mod. moist, no mottles, OMlow, roots mod. 
low fauna, stones abund. - red siltstone up'to 
1cm across (pH 5-9). 
Same material as Ap but undisturbed. 
Boundary sharp and regular. 
Orange (7 '5YR5/6) sand, single grain, mod. 
compact, mod. moist, no OM, no roots, no 
stones (pH7-0). 
Boundary sharp but irregular. 
Orange-yellow (lOYR 5/6) sand, thin o.range 
bands (7-5YR 5/6) at approx 4cms spacing, 
well packed, mod. moist, no mottles, rare 
deep roots, no stones (pH 7-4) 
Horizon Texture Analysis MC L O I 
Sand Silt Qay 
Ap 69-8 23-1 7- 1 1-2 5- 1 
B 86-6 9-2 4-2 0-6 0-0 
C 90-5 9-5 0-0 0-0 0-0 
Appendix 10 









Grey siltstone/sandstone or water-sorted 
glacial 
30m t 2 m (100' ± 5 ' ) 
10", west 
Pasture 




21-44 cms E^/C 
44-50+cms R 
Brown (lOYR 4/3) sandy silty clay, small 
stable crumbs, mod. moist, no mottles, 
OM mod, abund. roots, mod. fauna - earth-
worms, few stones. 
Boundary merging but regular. 
Brown (lOYR 4/3) silty clay, small crumbs, 
compacted, mod. moist, no mottles, OMlow, 
few roots, few earthworms, mod. stones up to 
1cm across (pH 5-7). 
Boundary merging but regular. 
Brown (slightly more yellow) (lOYR 4/3). 
Much more stony horizon with most of stones 
aligned parallel to soil surface. (Mostly frags, 
of grey siltstone) (pH 5- 7). 
Finely jointed grey siltstone fragments "in 
situ" 
Horizon 
Soil Texture Sand Fractions 
MC L O I 
Sand Silt Qay FGr Cos MedS Fine S 
\ 23-9 38-1 28-0 6-4 5-8 6-4 14-8 4-4 6.1 
C 26-4 41-2 32-4 21-6 8-3 3-8 13-2 2-2 3-7 
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Grey siltstone/sandstone (Silurian) 
27m + 2 m (90' + 5 ' ) 
15°-20°, south 
Pasixire 
0-5 cms A, 
5-lOcms A. 
Dark brown (lOYR 4/3) silty clay loam, 
small crumbs, mod, plastic, mod. moist, 
no mottles, OM - high-mod., al^und.roots, 
mod. fauna - earthworms, few stones. 
Boundary sharp and regular. 
Dark brown (lOYR 4/3) siltj^ clay, small 
crumbs, mod. plastic, mod. moist, no 
mottles, OMlow, few roots, few worms, 
abund. stones - up to 1-5 cms (pH7'0) . 
Boundary merging and irregular. 
i0-20cms Horizon with abund. fragments of siltstone and 
mudstone up to 5 cms across, in finer matrix. 
20+ cms R Yellowish-grey siltstone/mudstone - irregularly 
cleaved and finely jointed (fossiliferous). 
Horizon 
Soil Texture 
MC L O I 
Sand Silt Clay 
36-4 36-6 27-0 4-3 6-8 
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Unsorted glacial t i l l 
41m + 2 m (135' +5.') 












Dark brown (lOYR 3/4) sandy clay loam, small 
weak crumb, mod. plastic, mod. moist, no mottles, 
OM mod. -low, roots abund. , stones very few. 
Boundary merging and regular. 
Dark brown (lOYR 3/3) sandy silty clay. Compacted, 
mod. plastic, no mottles. OM low, roots few, fauna 
low - earthworms, stones few - up to 0-5 cms (pH5-2) 
Boundary sharp but irregular. 
Predominant colours - orange (7-5YR 5/8) clay and 
reddish grey (5YR 5/2) sand. Grey sand in form of 
vertical channels (of 1-2 cms width) in orange clay. 
Orange material - compact silty clay, mod. plastic , 
mod. moist, no mottles, OMlow, no roots, no fauna, 
rostones (except at base) (pH5-5). 
Red-grey material - slightly clay sand, single grain, 
very wet, no mottles, no OM, no roots, no fauna, no 
stones. 
Boundary sliarp and irregular. 
Reddish brown (2-5YR 4/4). Heavy clay, very plastic, 
very massive, mod.-very moist, no mottles, OMlow, 
no roots, no fauna, stones at base (pH 5- 9). 
Red clay with numerous pebbles of various lithologies 
(grey sandstone, red siltstone, quarts and others). 
Finely jointed red siltstone "in situ". 
Horizon 
Soil Texture 
MC L O I 
Sand Silt Clay 
A2 26-0 40-6 33-4 2-3 4-0 
Big 35-7 31-6 32-7 0-8 0-2 
B2g 17-0 35-4 47-6 1-6 2-4 
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P l l - Soil Prof i le Descr ipt ion 
Locat ion 
Topo-drainage Qass 
"Parent M a t e r i a l " 
Al t i tude 




Red s i l t s tone 
3 5 m t 2 m (115' ^ 5 ' ) 
5 ° , south 
Grass patch in f i e l d of cereal 
0-2 cms Reddish brown (2- 5YR 4/2) sand\^ clay loam, 
smal l weak c rumb, compact, mod. plas t ic , 
mod. mois t , no mott les , O M mod. , abund. 
roo t s , low fauna, smal l stones (red siltstone) 
up to I c m across. 
2 + cms R Solid bedrock - jointed red siltstone. 
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P12 - Soil Prof i le Descr ipt ion 
Locat ion 
Topo-drainage Qass 
"Parent M a t e r i a l " 
Al t i tude 
Slope and Aspect 
Land Use 
8411 0877 
Transmi t t i ng ( I I ) 
Water-sorted/?unsorted glacia l mater ia l 
32 m i - 2 m (105' ± 5 ' ) 
5 ° , south 
Grass, and cereal stubble 




Reddish brown (SYR 4/3) sandy clay loam, 
smal l weak c rumb, compact, mod, plas t ic , 
mod. moist , no mott les , O M l o w , f r e q . roots , 
few stones (up to 2 mm) (pH 5 -3 ) . 
Boundary merging but regular . 
Reddish brown (SYR 4/3) s i l ty c lay, compact, 
mod. mois t , no mott les , no O M , few roots , 
no stones, f r e q . worms (pHS-3) , 
Boundary merging but regular . 
Reddish brown (SYR 4/3) sandy s i l t c lay, compact, 
mod. p las t ic , mod. moist , no mottles, no O M , 
roots absent, fauna rare - ear thworms, abund. 
stones up to 5 cms across (green sil tstone, sand-
stone, igneous and ?coal fragments) . 
Hor izon 
Soil Texture Sand Fractions 
M C L O I 
Sand Silt Clay F G r GoS MedS FineS 
^1 25-0 
43-2 31-8 10-0 5-9 9-3 11-5 2-0 4-9 
24-6 39-3 36- 1 3-9 4-5 11-5 12- 1 1-9 4-7 
C 35-0 29-8 35-2 36-9 5-5 8-0 9-9 1-6 4-5 
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P13 - Soil Profi le Descr ipt ion 
Locat ion 
Topo-drainage Class 
"Parent M a t e r i a l " 
Al t i tude 




A l l u v i u m 
3 0 m + 2 m (100' + 5') 
5 ° , south 
Waterlogged - grass and rushes 
0-11 cms A , 
11-34 cms A . 
34-45 cms C 
4 5 - 6 0 + c m s C 
2g 
Reddish brown (SYR 4/3) s i l ty c lay, weak 
c rumb , mod. p las t ic , compacted, mod. moist , 
no mott les , O M mod. , abund. roots , f r e q . 
ear thworms, a few stones up to 1cm. 
Boundary merging and regular . 
Reddish brown (SYR 4/3) s i l ty clay, mod. -
ve ry p las t ic , mod. moist , O M mod. , few roots , 
f r e q . w o r m s , few stones up to 2 c m (pH 5-4), 
Boundary sliarp and regular . 
Grey-brown (7-SYR 5/2) clay sand, ve ry moist;-
water - table , i r r e g . orange (7-SYR 5/6) mottles, 
where la rger pores and channels, O M low, no 
roo ts , few earthv^orms, f r e q . large stones.(up 
to lOcms) - volcanic, sandstone, trachyte (pH5-7) . 
Orange brown (7- SYR 5/6) clay sand, single g r a i n , 
compact, mod. p las t ic , few mottles - greyish 
(7-SYR 5/2) . No O M , no roots , no fauna (pH6- 0). 
Soil Texture Sand Fractions 
Hor izon M C L O I 
Sand Sil t Clay F G r Cos MedS Fines 
15-0 42-5 42-5 1-5 1-4 7-0 11-5 2-0 3-8 
26-6 35-0 38-4 39-0 3-4 7- 1 8-8 1-3 2-2 
44-2 22-7 33- 1 2-2 2-6 21-4 20-4 1-0 1-3 
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P21 - Soil Prof i le . Descr ipt ion 
Locat ion 
Topo-drainage Class 
"Parent M a t e r i a l " 
Al t i tude 




Basic lava (Skomer Volcanic Series) 
5 5 m + 3 m (180' ± 10') 
5 ° , south-west 
Pasture 
0-11 cms Dark brown (lOYR 3 /4) sandy clay loam, 
sma l l crun:±), loosely packed, mod. moist , 
no mott les , O M h i g h , abund. roots , abund. 
fauna - w o r m s , few stones. 
Boundary merging and regular . 
11-11/IS cms A„ /B 
/ w Brown (lOYR 4/4) sandy loam, mod. com-
pact, mod. moist , no mottles, O M mod. , 
f r e q . roots , abund. stones up to Scms. 
Boundary very i r r egu la r but sharp. 
11/ lS + cms R Basic lava surface. 
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P22 - Soil Prof i le Descr ipt ion 
Locat ion 
Topo-drainage Class 
"Parent M a t e r i a l " 
Al t i tude 
Slope and Aspect 
Land Use 
7910 0872 
Transmi t t i ng (U) 
Black shale (Ordovician) 
5 2 m + 3 m (170' i 10') 
S ° , south 
Ploughed,(grass) 
0-21cms Ap Brown (SYR 3/4) sandy clay, mod. compact, 
p las t ic , mod. moist , no mott les , O M m o d . -
lov;, f r e q . roots , f e w w o r m s , abund. stones^ 
(black shale) up to 2-3 cms (pH 6-7). 
Boundary sharp - inverted grass mat. 
21-40 cms A „ / B 
2 w 
Brown (SYR 3/4) sandy clay, mod. compact, 
p las t ic , mod. moist , no mottles, O M low, 
few roots , very few w o r m s , abund. stones up 
to 3 cms (pH 6-7). 
Boundary merging and i r r egu la r . 
4 0 + cms Large pieces of black shale (up to Scms) more 
o r less " i n s i t u " w i t h some f iner in te rs t ic ia l 
ma t r ix . 
Hor izon 
Soil Texture 
M C L O I 
Sand Si l t Clay 
A 
P 
27-1 36-5 36-4 2-2 6-8 
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P23 - Soil Prof i le Descr ipt ion 
Locat ion . 
Topo-drainage Class 
"Parent M a t e r i a l " 
Al t i tude 
Slope and Aspect 
Land Use 
7910 0872 (10 m south of P22) 
T ransmi t t i ng (11) 
Black shale (Ordovician) 
5 2 m t 3 m (170' + 10') 
5 ° , south 
Ploughed (grass) 
0-25 cms A. Reddish brown (7-SYR 4/2) sandy clay, smal l 
c rumb , mod. compact, p las t ic , mod. moist , 
no mott les , O M l o w - m o d . , f r e q . roots , 
r a re fauna, abund, stones (red siltstone) up 
to 2 cms . 
Boundary sharp but i r r e g u l a r . 
25-46 cms Orange (7-SYR 7/8) w i th grey mottles (SYR 7/2) 
s i l t y c lay , sub-angular blocky, compact, plast ic , 
mod. mois t , mott led, no O M , no roots , no 
fauna, in places ve ry stony (black shale). 
Boundary merging. 
4 6 + cms Grey (5Y 7/2) s t i f f clay wi th orange (7- 5YR 
7/8) mott les , mod. moist , very plast ic . 
Abundant mottles, O M l o w , no roots , no fauna, 
no stones. 
Appendix 10 
P24 - Soil Profi le Descr ipt ion 
Locat ion 
Topo-drainage Class 
"Parent M a t e r i a l " 
Al t i tude 
Slope and Aspect 
Land Use 
7910 0872 (1 m south of P23) 
Transmi t t i ng (II) 
Red s i l t s tone (Devonian) 
S 2 m t 3 m (170' + 10') 
5 ° , south 
Ploughed (grass) 
0-22 cms A 
22-22/32 cms C 
2 2 / 3 2 + c m s 
1 
Brown (SYR 3/4) sandy clay, smal l c rumb, 
p las t ic , mod. moist , no mottles, O M mod. , 
abund. roots , mod. fauna - w o r m s , few 
stones - up to j c m (pH 6- 0). 
Boundary sharp but i r r egu la r . 
Greenish-yellow (5Y 5/4) pebbly clay sand 
(variable in thickness f r o m 0 to 10cms nor t i i -
wards in p i t ) . Single g r a i n , loose, mod. - very 
mois t , no mott les , no O M , no roots , no fauna, 
abund. stones up to 1-5 cms - black shale 
( p H 6 - 6 ) . 
Boundary sharp and oblique. 
Very f ine ly jointed red siltstone fragments " in 
s i t u " . 
Hor izon 
Soil Texture Sand Fractions 
M C L O I 
Sand Sil t Clay F G r Cos Med S FineS 
A 24-5 37-8 37-7 26-8 8-8 7-0 9-0 1-8 7-2 
P 
42-5 27-2 30-3 57-8 10-7 4-5 3-6 1-1 3-9 
46-0 24-2 29-8 63-8 11-7 4-2 3-3 1-0 4-9 




"Parent M a t e r i a l " 
Al t i tude 




Unsorted g lac ia l t i l l 
36 m •I'3 m (120' + 10') 









Brown (lOYR 3/4) sandy clay to clay sand, 
single g r a i n , mod. compact, non-plast ic, 
mod. mois t , no mott les , mod. O M , abund. 
roots , f req . ' wormiS, f r e q . stones up to 2cms . 
Boundary very merging. 
Fewer roots , othei-wise s i m i l a r to A 
( p H 6 - 0 ) . 
Boundary merging-. 
Ip 
Brown (lOYR 3/4) sandy clay to clay sand, 
single g r a i n , mod. compact, non-plastic, 
mod. mois t , no mott les , low O M , few roots , 
few w o r m s , abund. stones up to 3 cms. 
Boundary sharp and regular . 
Yel lowish brown (lOYR S/6) clay sand, single 
g r a i n , mod. compact, mod. moist , no mottles, 
no O M , no roots , no fauna, abund. stones 
(varied) up to 2-3 cms across (pH 6-4). 
Hor izon 
Soil Texture Sand Fract ions 
M C L O I 

























"Parent M a t e r i a l " 
Al t i tude 
Slope and Aspect 
Land Use 
8039 0531 
Transmi t t i ng (II) 
Red siltstone 
3 3 m + 2 m (110' + 5 ' ) 
5 ° , north-east 
Pasture 
0-20 cms A 
20-27 cms 
27 + cms R 
Reddish brown (SYR 3/3) clay s i l t l oam, 
smal l c rumbs , loose, porous, l i t t l e - mod. 
mois t , no mott les , O M mod. - low, roots 
abund. , fauna very f req . - worms , stones 
abund. (red siltstone only) up to 1cm 
( p H 5 - 3 ) . 
Boundary merging- and i r r egu la r . 
L igh te r reddish-brown (SYR 3/4) s i l ty sand, 
single g ra in and smal l c rumb, loose, porous, 
l i t t l e - mod. moist , no mottles, O M l o w , few 
roots , f r e q . w o r m s , abund. stones up to 3-4 cms 
(pH 5-3). 
Boundary i r r egu la r and merging. 
Finely jo in ted red si l tstone. 
Hor izon 
Soil Texture Sand Fractions 
M C L O I 
Sand Sil t Clay F G r Cos MedS Fines 
A 41-0 22-2 36-8 18-4 8-2 8-6 11-2 6-2 9-7 
P 
C 35-1 34- 1 30-8 34-5 10-7 6- 1 8-2 3-9 9-4 




"Parent M a t e r i a l " 
Al t i tude 




Talhenny Doler i te 
9 1 m + 2 m (300' + S') 
S ° , south 
Grass and cereal stubble 
0-16 cms A 
16-26 cms 






Brown (lOYR 3/4) s i l ty clay loam, good 
c rumb , loosely packed and porous, mod. 
mois t , no mott les , O M m o d . , f r e q . roots , 
abund. w o r m s , abund. stones up to 4cms 
across (pH S- 5 ) . 
Boundary merging and regular . 
Dark jrellowish brown (lOYR 4/4) sandy s i l t 
l oam, mod. c rumb, loosely packed, mod. 
moist , no mottles, no O M , no roots , no 
fauna, abund. stones - f r o m 0 - 5 c m to 5 cms 
(Doler i te ) . 
Boundary i r r egu la r and sharp. 
Doler i te - massive and very hard. 
Hor izon 
Soil Texture Sand Fractions 
M C L O I 
Sand Si l t Clay F G r Cos Med S Fine S 
33-8 33- 1 33- 1 20-0 10-4 5-9 14-2 S-0 6-3 
20-8 48-8 30-4 29-2 7-8 4-4 10-2 7-0 5-9 
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P36 - Soil Prof i le Descr ipt ion 
Locat ion 
Topo-drainage Class 
"Parent M a t e r i a l " 
Al t i tude 




Grey siltstone/sandstone (Silurian) 
3 0 m t 2 m (100' + 5') 
10° , south 
Pasture 
0-10 cms A , 
10-20cms A„ 
2 0 + cms B / C 
Dark brown (lOYR 4/4) clay loam, smal l 
weak c rumb, porous, mod. loose, mod. 
mois t , no mott les , O M mod. high, abund. 
roots , fauna mod. - eartlwv'orms, stones 
v e r y f r e q . - yellow sandstone/siltstone. 
Boundary merging and regular . 
Dark brown (lOYR 4/4) clay loam, smal l 
weak c rumb, mod. loose, mod. moist , no 
mot t les , O M mod. , roots less f r e q . , fauna 
mod. - ear thworms, f r e q . stones - yellow 
sandstone. 
Boundary merging. 
Brown (lOYR 3/4) l o a m , more compact wi th 
weathered stones of yellow sandstone. L i t t l e 
mois t , no mott les , O M l o w , no roots , fauna 
r a r e . 
Hor izon M C L O I 
2- 1 7-5 
Appendix 10 
P37 - Soil Prof i le Descr ipt ion 
Locat ion 
Topo-drainage Class 
"Parent M a t e r i a l " 
Al t i tude 




Glacial t i l l 
6 1 m + 2 m (200' + 5 ' ) 
Flat/none 
Grass 
0-10 cms A . 
10-21 cms 
21-25cms 




Dark reddish-brown (SYR 3/4) s i l ty clay 
loam, grass mat, mod. compact, smal l weak 
c rumbs , mod. moist , no mottles, O M mod . , 
abund. roots , f r e q . w o r m s , few stones. 
( p H 7 - 4 ) . 
Boundarj'^ merging and regular . 
Dark reddish brown (SYR 3/4) s i l ty clay loam, 
mod. compact, weak c rumb, mod. moist , no 
mot t les , O M l o w - m o d . , mod. roots , mod. 
fauna, ve ry few stones. 
Boundarj'^ merging and regular . 
Orange brown (7-SYR 4/4) sandy clay, single 
g r a i n , compact, mod. to l i t t l e moist , no mottles, 
O M low, no roots , no fauna, no stones. 
Boundary merging and regular . 
Yel lowish orange (7-SYR 5/6) sandy s i l t loam, 
compact, single g r a i n , l i t t l e - mod. moist , 
no mott les , no O M , no roots , no fauna, few 
stones. 
Hor izon M C L O I 
0-9 5-0 
Appendix 10 
P39 - Soil Prof i le Descr ipt ion 
Locat ion 
Topo-drainage Class 
"Parent M a t e r i a l " 
Al t i tude 





S2m + 3 m ( 1 7 0 ' t 10') 
l0°-20°, east 
Last crop - turnips 
0-20 cms A 
20-28/30cms C 
Dark reddish brown (SYR 3/4) s i l ty clay loam, 
sma l l v>'eak crumbs (smal l hard sub-angular 
peds on surface) , loosely packed, mod. moist , 
no mott les , O M mod. , roots mods. , fauna 
m o d . , abund. stones. 
Boundary i r r egu la r and sharp. 
Reddish brown (SYR 3/3) s i l ty c lay , more 
compact, mod. moist , no mottles, ra re roots , 
ra re fauna, abund. stones (al l red sil tstone). 
Boundary merging. 
3 0 + cms R Fragments of red siltstone in rough alignment 
in f i ne r m,atrix. 








"Parent M a t e r i a l " 
Al t i tude 





52 m t 6 m (170' ± 20') 
5 ° , south-east 
Pasture 
0-12 cms Reddish brown (2-SYR 3/4) s i l ty loam, 
smal l weak c rumb, loosely packed and 
porous, mod. to l i t t l e moist , no mottles, 
O M mod. to high, roots abund. , fauna 
abund. - ear thworms, abund. stones 
(red s i l t s tone) . 
Boundary merging and regular . 
12-20cms A . Reddish brown (2-SYR 3/4) s i l ty loam, 
poor c rumb but porous, f r e q . roots , 
fauna abund. - ear thworms, abund. stones 
(red si l tstone). 
Boundary merging and regular . 
20-22 cms 
22+ cms R 
Red (2-SYR 3/4 - 2 /4) s i l ty clay (gravel ly) , 
mod. to ve ry compact, mod. to l i t t l e plast ic , 
mod. moist , no mott les , no O M , no roots , 
no fauna, abund. stones (red siltstone). 
Boundary sharp and i r r e g u l a r . 
Red siltstone s t r i k ing east-west. \ 
Horizon M C L O I 
^2 0-4 9-9 




"Parent M a t e r i a l " 
Al t i tude 64 m 




Unsorted glacia l t i l l 
6 4 m t 2 m (210' ± 5 ' ) 
S ° - 1 0 ° , nor th 
Ploughed 
0-12 cms A 
Ip 
Dark brown (lOYR 3/4) loam, good crun-ib, 
loose, mod. moist , no mottles, O M h i g h -
m o d . , abund, roots , mod. - f r e q . worms , 
stones abund. - rounded and very var ied 
( p H 7 - 0 ) . 
Boundary merging and regular . 
12-16 cms Simi lar but fewer roots and wealc crumb. 
Boundary merging and regular . 
16-20cms A ^ / C Channels of A„ mater ia l in top of C horizons. 
2p 
2 0 + cms Orange-brown (7-SYR 5/6) clay loam, mod. 
compact, mod. moist , no mottles, no O M , 
no roots , no fauna, abund. var ied stones. 
Hor izon M C L O I 
1-7 9-3 
Appendix 10 
P 8 I - Soil Prof i le Descr ipt ion 
Locat ion, 7947 1032 
Topo-drainage Class Transmi t t i ng (11) 
"Parent M a t e r i a l " Red siltstone (col luvium) 
Alt i tude 5 0 m + 2 m (165 '+ S') 
Slope and Aspect 1 0 ° - 1 5 ° , east 
Land Use • Potatoes 
0-18 cms A Dark reddish brovm (SYR 3/4) s i l ty clay 
^ l oam, hard i r r egu la r peds, dry, no mottles, 
O M l o w , roots abund. , occ. worms , stones 
- green sandstone and red siltstone. 
Boundary sharp and regular . 
18-40cms ^-^2^^ Reddish brown (2-SYR 3/4) s i l ty clay, mod. 
compact, mod. moist , no mottles, O M l o w , 
roots r a r e , worms r a r e , abund. red s i l t -
stone up to 2 cms. 
Boundary sharp but i r r egu la r . 
40 + cms R Jointed red sil tstone. 
Appendix 10 









Red siltstone (colluvium) 
42m + 2m (140' + 5') 
10"-15°, east 
Potatoes 
0-20cms A Reddish brown (2- SYR 3/4) silty clay loam, 
mod. compact, dry, no mottles, OMlow -
mod., roots freq., no worms, stones 
freq. (red siltstone, qtztic cong. , green 
sst.). 
20-30cms ?A2/C Reddish brown (2-SYR 3/4) silty clay, 
compact, mod. moist, no mottles, OMlow, 
no roots, no fauna, stones freq. - red silt-
stone, green sst. and green qtztic cong. 
30+ cms R Blocks of qtztic cong. and frags, red silt-
stone, striking east-we S t . 










Red siltstone (colluvium) 
38m t 2m (125't 5') 
5 -10 , east 
Potatoes 
0-20cms A Reddish brown (2-SYR 3/4) stony silty 
clay loam; hard angular peds, mod. 
moist, no mottles, OM mod. - low, 
roots freq. , occ. worms, freq. stones 
up to 2cms. 
Boundary merging and regular. 
20-34 cms Reddish brown (2-5YR 3/4) silty clay, 
more compact, mod. moist, no mottles, 
0 M low, roots rare, fauna rare, occ. 
stones up to 5 cms. 
Boundary sharp and regular. 
34+ cms R Soft green sst. - large blocJcy frags, up to 
lOcms. 
Appendix 10 
PlOl - Soil Profile Description 
Location 8121 1031 
Topo-drainage Class Shedding (I) 
"Parent Material" ? unsorted giacial/coUuvium 
Altitude 57 m t 2 m (185' ± 5') 
Slope and Aspect 5°, north 
Land Use Pasture 
0-8cms A j Orange-brown (7-SYR 4/4) silty loam, 
small crumbs, mod. - loose tilth, mod. 
moist, no mottles, OM mod. - high, 
roots abund. , occ. earthworms, stones 
rare. 
Boundary merging and regular. 
8-23 cms A^ Orange-brown (7-SYR 3/4) silty loam, 
small crumbs, mod. compact, mod. 
moist, no mottles, occ. roots, occ. 
worms, freq. pebbles and cobbles of 
sandstone and basic volcanics. 
Boundary merging. 
23+cms C Orange-brown (7-SYR 4/4) silty loam, 
compact, pebbles more common - mostly 
sandstone, with occasional red siltstone 
and some coal fragments. 
Appendix 10 









? unsprted glacial 
54m + 2m (175'f 5') 
5°, north 
Grass and cereal stubble 
0-22 cms Reddish brown (SYR 3/3) silt loam, 
small crumbs, mod. good tilth, mod. 
moist, no mottles, OM mod. , abund. 
roots, freq. earthworms, freq. stones 
(yellow-weathering green sandstone and 
smaller rotted red siltstones). 
Boundary vague. 
22-30+cms Similar to Ap but fewer roots and more 
stones - particularly green sandstone and 
red siltstone - in loamy matrix. 
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Red silts tone 
55m + 2m (180' + 5') 
5°, south 
Pasture 
0-20 cms A, Reddish brown (SYR 3/4) silty clay loam,. 
small crumb to irregular large peds, mod. 
compact, mod. moist, no mottles, OM 
mod. , abund. roots, abund. eartiiworms, 
stones frequent - purple feldspathic fine 
sandstone. 
Boundary merging. 
20-25 cms Orange-red (7-SYR 3/4) silty clay, mod. 
compact, mod. moist, red mottles due to 
destroyed red sillstone fragments, OM low, 
no roots, no fauna, stones up to 1cm (red 
siltstone). 
Boundary merging. 
25+ cms Larger fragments of red siltstone up to 
4 cms "in situ". 
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? unsorted/water-sorted glacial material 
57m + 2m (185' + 5') 
5°, north 
Grass, and old potato crop 
0-20cms A Dark yellowish brown (lOYR 4/4) clay loam , 
small crumbs, very good tilth, mod. moist, 
no mottles, OM mod. , roots mod. , occ. 
earthworms, no stones. 
Boundary fairly sharp. 
20-45 cms Dark yellowish brown (lOYR 4/4) clay loam, 
slightly stony (coarse quartzitic sandstone) 
up to 5 cms, mod. crumbs, more compact, 
but still good tilth, mod. moist, no mottles, 
OMlow, rare roots. 
45-6(}f cms G. Light yellowish brown (lOYR 2/4) loam, 
mod. to large crumb, more compact but 
still easy to work, mod. moist, OM low, 
no roots, no fauna, occ. stones. 
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? unsorted/water-sorted glacial material 
46m + 2m (ISO'+ 5') 
5°, south-east 
Pasture 
0-18 cms A, Slightly reddish brown (7-SYR 3/4) silty 
loam, small and medium crumb, mod. 
tilth, mod. moist, no mottles, OM mod. , 
roots abund., occ. earthworms, stones 
frequent - up to 5 cms (quartzitic sand-
stone, quartzitic conglomerate, soft sand-
stone, red siltstone). 
18-40cms ?B /G, w I Yellowish brown (lOYR 3/4) silty loam, more compact but easily workable, mod. 
moist, no mottles, OMlow, occ. roots, 
occ. earthworms, freq. stones - varied 
sandstones. 
40-55+ cms Brown (lOYR 4/4) silty clay loam, more 
compact but still workable, mod. moist, 
no mottles, no OM, no roots, no fauna, 
freq. stones - sandstones (as before). 
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Red siltstone (sandstone phase) 
55 m+ 2 m (180' +5 ' ) 
5°, south 
Pasture - grass and clover 
0-19cm.s A Reddish-brown (SYR 3/3) stony, sandy 
clay loam, small and medium crumb, 
good tilth, mod. moist, no mottles, 
OMlow - mod., abund. roots, freq. 
worms, abund. stones. 
19+ cms Large fragments of soft green sst. 
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